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Preface. 


The great annual variations in the growth phenomena of the Scotch Pine 
in Utsjoki-Lapland in northernmost Finland is the main subject of this paper. 
At the periphery of the forest, at the timber-line, the trees react closely to 
the smallest changes in the climate. 

The material was collected during July-August 1939, in July 1940, in 
April 1941 and in June—July 1945. 

The author would like to express his gratitude to the following persons, 
who have helped him in some way or other during this work: Dr. G. ELFVING, 
Prof. O. HEIKINHEIMO, Forest officer A. Himnivirta, Prof. Y. ILvESsALo, 
Prof. V. Kuyata, Mr. N. PETTERSSON and Miss KATRI SALMELA. He also 
expresses his deep gratitude to the people in the wilderness in Enare and 
Utsjoki, who always showed him kindness. 


Helsingfors, in November 1946. 
I. Hustich 


Introduction. 


A clear distinction is usually made between the expressions ¢ree-limit and 
forest-lumit. At the tree-limit the forest-producing species appears as an indivi- 
dual of tree-size. The expression tree-size is, however, somewhat unclear and 
dependent on the region under consideration. Thus Central-European authors 
consider 5 meters the minimum height for a tree, whereas Fennoscandian 
scientists are content with 2 m (HEIKINHEIMO 1921). 

Between the forest-limit and the open expanse in question (the steppe, 
the desert, the mountains, the arctic coast etc.) there is a transition zone, 
limited by the forest-limit and the limit for the particular tree species. In this 
transition zone may occur, besides solitary scattered individuals, also clumps 
and »islands» of a tree species (or group of tree species), sometimes other than 
the species forming the forest-limit proper. This transition zone may be of 
a great extent, it may have a width of several miles, especially in northern 
Russia and Canada. Where the forest-limit is natural (see below), it is also 
rather distinct and there the transition zone may be marked by such special 
plant communities as the Krummholzregion in the Central-EKuropean niountains, 
the Ljesotundra (forest tundra) in northern Russia or the spruce brush on 
the Labrador coast. 

Purely descriptively we may distinguish between 1. the horizontal forest- 
limit against the open expanse, for instance, the polar forest-limit, and 2. the 
vertical forest-limit in alps and mountains. 


In the foregoing the term forest-limit has to a certain extent been employed 
as a term of »regional geography», denoting the limit between closed continous 
forests and open expanses. No regard has been paid to the possible influence 
of man on the forest-limit. There is reason to distinguish between: 

a. the original forest-limit and 

b. the forest-limit influenced by man. 

An original forest-limit mostly indicates a climax in development, even 
if such a climax or »naturaly forest-limit does not itself indicate anything 
unchangeable, either in time or space (see below). 

It is difficult to decide when a forest-limit is original. The author has had 
the opportunity of seeing forest-limits in large areas of northern Fennoscandia, 
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in the Carpathians, in the Alps, in the Algerian desert and on the eastern 
coast of Labrador but he has seldom been convinced that the forest-limit 
in these places was primary, i. e. not influenced by man. One has, especially in 
Europe, in most cases to take into consideration the influence of man and 
cattle in mountain regions. 

The nomadic or permanent Lapp and colonist settlements in the forest- 
limit region in northern Europe are, above all, of importance for the situa- 
tion of the forest nowadays at the polar limit. It is difficult to make exact 
calculations of the human influence on the forests in the north. If we count 
with an annual growth of 0,s—0,4 m* per hectare in the forest in the north 
(cf. InvEssaLo 1942) and consider that the forest-limit of Finnish Lapland 
is about 800 km long, this means an annual growth of about 3.000 m* within 
a zone of 100 meters width along the whole of this forest-limit. A colonist 
in Finnish Lapland uses 50—75 m3 of wood a year (cf. HEIKINHEIMO 1921). 
It will easily be understood what a normal consumption of fuel wood alone 
means at the forest-limit itself — there are about 150 Lappish and Finnish 
settlers in Finnish Lapland. Should these figures give, even only approxi- 
mately, the annual consumption of fuel wood, or about 10.000 m%, this con- 
sumption, spread equally over the whole zone of the forest-limit, would equal 
the annual growth within a zone of about 300 m width. According to EIDE 
1932 the annual growth of the state forests in northern Norway, between 
68°30’ and 71°10’ northern latitude, is in Alten 0,2 m* per hectare, in Porsanger 
0,11 m3, in Karasjok 0,17 m? and in the Pasvik valley 0,18 m® per hectare, 
i.e. rather low values which further support the above statement. Cf. also 
VE 1940. 

The above figures are quite approximate, but they still show the extensive 
influence of man on the forest-limit also in areas, where the population is 
sparse. For centuries the wood consumption has exceeded the growth increment 
within a wide zone of the forest-limit. RENVALL (1919) gives a detailed descrip- 
tion of the influence of »civilization» (the lumber and fuel wood consumption, 
the timber smuggling to the Atlantic coast from the forest farther inland 
etc.). The »region of the solitary pines» of the Finnish forest maps, is probably 
to a great extent a result of the influence of man. The isolated forests in the 
Norwegian fjords (Alten, Porsanger) are probably remnants of an earlier more 
continous forest in the far North. 

The influence of man on the forest-limit can be noticed also in the vast 
areas in northern Russia. Thus Ponte (1917) describes the annual migrations 
of the Samoyeds from the periphery of the forest region to the Arctic coast 
and the resulting damage to the forests. RecEL (1940) describes the timber- 
cutting in the combat zone between the forest and the barren »tundray on 
the Kola Peninsula, resulting in the large »secondary» birch forests there. 
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Ropin (1934) makes very categorical statements on the forests in as primi- 
tive areas as the Dsoungarian Altai mountains, where the forest was threa- 
tened by the cattle and damage done by man. Dr Nicholas Poruntn, who 
in August 1946 returned from a trip to Ungava Bay in northernmost Labrador 
told me about the extensive attacks on the forest-limit there. These examples 
can easily be multiplied from forestry and plant-geographical literature. 
The influence of man in the forest-limit areas should not, however, be 
viewed too directly. Man is often only a releasing factor in a labile climatic 
situation. Where the seed-trees are cut this influence is indirect, effecting 
negative changes in the growing places. In some cases, especially in those 
parts of the periphery of the forest-region where culture might previously 
have caused a removal of the forest-limit farther away from the eventual 
climatic limit, the cutting of older, perhaps not reproductive trees may only 
have positive effects (see ErpE 1932); by such cuttings, carried out under the 
control of foresters, temporary impoverishment of the soil is prevented. 
Timber-cutting by man and the feeding of cattle and reindeer (different 
opinions about the negative effects of reindeer on the forests in the North 
have, however, been expressed) are supplemented by forest fires, of which 
up to 90 % are caused by man in some areas. The effects of fire are devastating 
everywhere but especially in the periphery of the forest-region, where the 
layer of humus is thin, the roots of the trees mostly flat surface roots and 
regeneration poor (see DAVIES’ statements of some 100 years ago about the 
devastating effects of the fire in the forests of Labrador, cf. Low 1899), 


Where a natural (climax) forest-limit exists, it may be attributable either 
to edaphic or to climatic factors. A forest-limit caused by edaphic factor is 
practically a local phenomenon only, cf. HEIKINHEIMO 1921, HusticH 1937. 
Flat areas are less suited for forests in the periphery of the forest region than 
a broken area with changing topography, a fact which every traveller in the 
far North has noticed. The northern plains of Russia and Canada are them- 
selves an impediment to the growth of forests because flat plains mean un- 
favourable drainage. On such soil the frost in the ground lies nearer the sur- 
face. 

It is of theoretical interest only to consider when a certain forest-limit 
is dependent on climate in general, and when more immediately on the local 
climate or on edaphic factors acting in conjunction with the latter. The defi- 
nition of Tencvari, (1920, p. 291) of the climatic forest-limit is the following: 
»Die Waldgrenze —, die mit dem in der betreffenden Gegend herrschenden 
Klima in vollem Gleichgewicht steht, ohne dass sie durch dkologische oder 
andere, nichtklimatische Faktoren beeinflusst wird.» But, when is the forest- 
limit in »vollem Gleichgewicht» with the climate in the same region? 
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To make a more detailed statement of the causal connection between 
forest-limit and climate, forest-scientists use different methods. The most 
common method in this connection is to mark on the map the distribution 
of a certain climatic indicator compared with the forest-limit. Through inter- 
polation, which is sometimes carried too far, a climatic indicator can be pro- 
duced which seems to coincide completely with the forest-limit. When it is 
a question of the polar forest-limit, the July-isotherm has usually been applied; 
as we know, the July-isotherm 10° C coincides, on the whole, with the conti- 
nental polar forest-limit, while maritime regions are characterized by forest- 
limits at which the July-temperature is somewhat higher than in continental 
districts. In combining large areas, such methods may be justified. 

There is hardly any objection to the statement by BROCKMANN-JEROSCH 
(1919), phrased in fairly general terms, that the course of the forest-limit 
is not dictated by only one climatic factor but by the general character of the 
climate, cf., however, KOpPEN 1919. The work of BROCKMANN-JEROSCH was, 
on the other hand, a natural reaction against the mania of earlier authors 
to parallellize plant-limits and isotherms. MrxuLa (1941, cf. ‘TENGVALL 1920) 
proved:that the temperature in the middle of the day during the vegetation 
period is, on the whole, the same everywhere at the forest-limit in the Alps. 
TENGWALL (1920) has worked along the same line when on the basis of obser- 
vations in Swedish Lapland he established that the length of the vegetation 
period, as far as the birch is concerned, is the same in all parts of the limit 
of this species. Distinction should be made between the temperature of the 
air and that of the growing place proper of the species (FRODIN 1916). Espe- 
cially in mountainous districts varying topography causes very varying con- 
ditions. 

For the often discussed problem of the influence of the »Masserhebung» 
(the forest-limit reaches higher altitudes in larger mountains than in lower 
and smaller mountain regions) see LJUNGNER 1944. 

From the works of MIkULA, BROCKMANN-JEROSCH and others one passes 
logically to the researches of ENguist on the climatic »constants» of the tree- 
limit (1933). It is not the climatic indicator itself but its permanency, its 
duration, that now assumes greater prominence. ENouIstT utilises values 
of duration of maximum temperatures, which »constants» are frequency numbers 
rather than anything else, according to LANGLEY (1935). Enouist obtains 
a »constant» of 26 days of a maximum temperature of 17° C for the Scotch 
pine at its limit. The values for birch and spruce are 26 days with a maximum 
temperature of 14° C and 65 days with a maximum temperature of 12)5° C 
respectively. ENguist has thus illustrated the climatic conditions at the 
forest-limit. But his interesting method naturally does not throw any light 
upon the actual cause of the course of the forest-limit. His graphically defined 
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points must not be regarded as »climatic constants». The correlation between 
the earlier commonly used mean temperatures and the maximum tempera- 
tures is almost complete, according to LANGLET (1935). 

On the basis of available reports from the few meteorological stations 
at the forest-limit in Finnish Lapland, KerANEN (1931) has endeavoured 
to find out the temperature requirements of some tree species. Thus, the 
annual mean temperature at the northern limit of the pine is —2,5° C, the 
mean temperature of the vegetation period (June—September) 8,3° C and 
the July mean temperature 12° C. Cf. also LunEeruND 1943. 


The fact that more intense study of, for instance, the Scotch pine reveals 
that in the north it reacts extremely closely to small changes in temperature 
from year to year, furnishes a motive for considering the limit of pine in the 
Arctic as being attributable to temperature (in places where no direct influence 
of man can be noted). The tree growth nearer the steppe or the desert is more 
dependent on precipitation, cf. observations i. a. by ANTEvs 1938, WALTER 
1936, ScHULMAN 1942. Re the interesting »barren grounds» in the southwestern 
part of the Canadian Arctic, PorsiLup, however, writes (1937, p. 134): »The 
southern boundary of the Arctic zone was formerly taken to be the northern 
limit of trees and it was thought that this roughly coincided with the course of 
the 50° F isotherm for the warmest month of the year. Recent discoveries, how- 
ever, have shown that at least in Canada large parts of the »barren grounds» are 
treeless not because of an inadequate summer temperature, but more likely 
because of insufficient precipitation during summer coupled with extreme 
dryness of the air during winter, and that they really should be classified as 
true prairies or steppe, and, therefore, strictly speaking, should not be included 
in the Arctic zone». Re the correlation between temperature and radial growth 
and between precipitation and radial growth of the Scotch pine in Utsjoki, 
see below p. 45. 

The protection given by the snow, especially at the polar forest-limit, 
whether it is horizontal or vertical, is of importance for the young plants. 
But there is no real difference between, for instance, southern and northern 
Finland in the temperature under the snow cover. According to the author’s 
observations the temperature under the snow surface is fairly high, reaching 
also on cold days in Lapland at about 30 centimeters depth 0— —2° C (Hus- 
TicH 1940 a). 

Many scientists are of the opinion (SoMMER 1896, cf. RecEeL 1940 and 
TANFILJEV 1911) that the polar forest-limit runs where the frost in the ground 
melts in the summer. It must be remembered, however, that the Sibirian 
taiga in some places covers districts with eternal frost, the roots of the trees 
lying flat over the permanently frozen ground. In the region around Hudson 
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Bay (James Bay), according to statements made by lumber men, the ice, 
about one feet under the surface, never melts in the swamps covered with 
scarce tamarack and black spruce. Porunin (1937) made in Greenland an 
interesting observation: the birch was able to absorb water from layers under 
the frozen ground which in those parts of Greenland where birch occurs can 
be of a depth of 50—85 cm. Cf. also BLUTHGEN 1942. 

A certain connection between the forest-limit and the morphology of the 
surface (caused in part by climatic factors) deserves to be mentioned here. 
From subarctic regions come descriptions of »Hiigelmoore», i.e. bogs with 
high turf-craters or earth mounds, which have arisen through freezing and 
thawing processes, cf. KrniMAN 1890, Fries 1913, TanFiLjEV 1911, AUER 
1927, Porstnp 1938, HusticH 1939. This girdle of »Hiigelmoore» seems to 
a certain extent to indicate the southern limit of the barren ground and it 
forms a transition zone between bogs in the high Arctic and bogs in the boreal 
forest. 


The wind is a factor which many scientists consider directly responsible 
for the course of the forest-limit. The wind is, however, a climatic factor which 
in the polar regions is hard to distinguish from the low temperature. Besides, 
the wind causes local changes in the temperature and in the precipitation 
conditions. In other words the different climatic factors mingle to such an 
extent that it is often difficult to single out one special factor as responsible 
for the course of the forest-limit. 

The purely mechanical force of the wind ,however, is a factor of importance 
at the forest-limit, as is also 
the drying up caused by 
a constant wind (KriHLMAN 
1890). Both the mechanical 
and physiological effects of 
the wind itself have been 
described by several authors, 
especially with regard to the 
shape of the trees at the 
forest-limit. To the state- 
ments made by KrHi_MANn 
and others the following ob- 
servation from the Canadian 


Diagram 1. A Diagram of the forest-limit. 1 — the jobiieidireg aerarse be 
»ygenerative» forest-limit. 2 = the vegetative forest- should be added as a com- 
limit. 3 = the tree-limit. 4 = scattered seedlings or plement from other parts of 

remnants of earlier forest. the polar forest-limit regions: 
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yThe fact is everywhere apparent that in this country (Great Bear Lake) 
the cold and dry northeast wind determines the extent of tree growth. Where 
there is shelter from this wind a fair and sometimes even astonishing growth 
is found.» 

The effect of the wind in forest-limit regions is increased through the 
fact that the trees, especially at the polar forest-limit, generally have flat 
surface roots. The presence of »ortsteiny or a permanently frozen soil contri- 
butes to this. (This applies particularly to the pine in Lapland.) The mecha- 
nical force of the wind influences the forest-limit partly by directly felling 
the trees. According to LaKarr (see RENVALL 1919) the percentage of trees 
felled by storms in northern Enare in Finnish Lapland was 3,9, while RENVALL 
himself gives considerably higher values for Utsjoki forests, viz. 9%. 

As the effect of the wind is greater in a thin forest, cutting of trees by man 
also in this respect indirectly causes great damage to the forests at the forest- 
limit zone. 


The author has tried to give above a general summary of the edaphic 
and climatic factors which affect the forest-limit. In spite of the sketchy 
character of the description it shows how intimately the different factors 
intermingle and how little the problem of the forest-limit can be dealt with 
against the background of the intensity of one specific factor only. See Diagr. 4. 


I. The composition of the forest at the polar forest-limit in 
northern Europe. 


The composition of the forest at the North-European forest-limit (timber- 
line) has been dealt with by several authors. In the following a short summary 
of their work will be given as a background for a more detailed exposition 
of the northern limit of the Scotch pine in Utsjoki in Finnish Lapland. The 
author very much regrets that he has not had the opportunity to consult all 
the literature concerning the subject (especially Russian literature). 


The Scotch pine (Pinus silvestris L,.) forms the forest-limit over almost the 
whole of Norway, Sweden and Finland. In the easternmost part of Petsamo, 
at the former Russian boundary, the Norway spruce (Picea excelsa I.) takes 
the place of the pine at the polar boundary of the forests. Map 1 (ENQuisT 1933) 
shows the tree-limits of pine, spruce and birch in northern Fennoscandia, 
Map 2 (HErKrnHEIMO, 1921) shows the forest-limits. 

The relation between the pine and spruce in Fennoscandia has been fre- 
quently discussed by plant-geographers. KiatMaAn (1890) and Fries (1913) 
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assert that the Scotch pine dominates owing to the difficulty for the spruce to 
force its way into areas devastated by fire (compare the Jack pine in eastern 
Canada) and to lichen moors. The existence of spruce forests on lichen moors 
in northernmost Sweden (FRIES l.c.), northern Finland (HEIKINHEIMO 1920), 
northern Russia (SamBuK 1930) and in northern Canada (Raup 1946, Hus- 
TICcH 1939) should, however, be mentioned in this connection. ENQUIST (1933) 
points out that the western limit of the Norway spruce is a mormal» climatic 
forest-limit (the spruce does not reach the Norwegian west coast north of the 
polar circle). 

The different composition of the rocks on the western and the eastern 
side of the watershed may, however, influence the boundary of the Scotch 
pine in Scandinavia. 

Summarising the facts re the forest-limits in northern Fennoscandia, it 
may be stated that the Scotch pine forms the greater part of the forest-limit 
and that the forest-limit to the north is followed by a subalpine region, domin- 
ated by mountain birch (Betula tortuosa coll.). Re forest-limits in Lapland 
cf. also RENVALL 1912, LaKari 1915, KuyaLa 1929 and BLuTHGEN 1942. 

The Norway spruce forms the greater part of the forest-limit of the Kola 
Peninsula. In the central part Scotch pine forms the forest-limit (Voroninsk, 
cf. Krn~man 1890). The pine area has increased on account of forest fires. 
North of the spruce and pine forests are birch forests which, however, get 
_ thinner to the east; see above re »secondary» birch forests on the Kola Peninsula. 
The dominance of the birch in the far North in Fennoscandia is very remark- 
able if we take into consideration the conditions at the circumpolar forest- 
limit in general. 

The forest-limit of the southern part of the White Sea coast is formed 
mainly by spruce (Picea excelsa, P. obovata?) according to SoxoLowa (1937). 
Somewhat south of the coastal forest between Onega and Archangelsk, larch 
(Larix sibirica) already appears more frequently, forming the westernmost 
outposts of the North-Russian larch forests. Re larch on the Kola Peninsula, 
cf. ZINSERLING 1934. A condition for the larch in these regions is the presence 
of calcareous and carbonate strata; this is an example of a tree species which 
at its limit of distribution shows specific claims. The general appearance of 
the forest-limit on the Winter Coast of the White Sea seems to show close 
resemblance to the distribution of black and white spruce in the regions around 
Hudson Bay. The outer girdle of the White Sea coast is barren; in the form 
of large boggy areas this »barren ground» stretches southwards between tongues 
of spruce forests along the rivers where the drainage is good. 

ALECHINS map (1927) shows the coniferous forest-limit in Northern Russia. 
The coniferous forest-limit on SE Kola touches the sea farther north than 
does the forest-limit on the opposite side of the White Sea. The coniferous 
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Map 4. The distribution of Scotch pine in northern Sweden, Norway and Finland, 

according to ENQUIST 1933. Some scattered points in Utsjoki have been added by the 

author. The Utsjoki valley pine forest is shown by an arrow. -+- = remnants of earlier 
pine trees. 


Map 2. The forest-limits in northern Finland (HEIKINHEIMO 1921). 1= open tundra and 
birch forest. 2 = scattered pine trees. 3 = scattered pine forests. 4 = pine forest region. 
5 = tree-line of spruce. 6 = forest-limit of spruce. 
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forest-limit runs about 40 km N of Mesen, where it lies S of the Arctic circle, 
a direct consequence of its more exposed position close on the Arctic Sea. 
From the eastern side of the mouth of the White Sea the coniferous forest- 
limit is, on the whole, parallel with the Arctic circle. The wide treeless country 
on the Russian coast of the Arctic Sea gradually becomes wider further east. 

Between Mesen and Archangelsk there is already at 66° northern Latitude 
in the coast region) a »ljesotundra» containing up to 90 % Sphagnum-bogs. 
Where isolated groves occur outside the forest-limit proper, they consist of 
birch and spruce (Picea obovata), cf. LEONTJEW 1937. Although the shore of 
the White Sea seems in many places barren on account of the climate, the 
main reason for this is probably cutting of the forests. The northernmost 
spruce forest appears (or appeared?) in the area between the Mesen Bay and 
the Kanin Peninsula, from 64° n. Lat. only along the rivers. Alnus fruticosa 
is here a new species at the periphery of the forest region (cf. Alnus crispa 
on the Labrador coast and, in smaller scale, Alnus incana on the Norwegian 
coast). 

At Mesen there is a fragment of an Arctic tundra (POHLE 1903), the southern 
skirt of which is in several places formed by larch deformed by the wind. 
On dry soil Scotch pine still dominates, reaching as far North as 66° n. Lat. 
Larch was here earlier more common but has been heavily cut to supply 
lumber for the shipyards in Archangelsk. On the Kanin Peninsula PoHLE 
(1903) describes scattered forests of pine, spruce and larch; the spruce limit 
reaches latitude 67°15’. Isolated spruce groves on Kanin disappear gradually 
being replaced by birch. 

The forest-limit between Kanin and the Petschora river valley has been 
studied by TanFILJEw. His maps (1911) show considerable bends of the 
forests northward along the river valleys, see above. The forest-limit is there 
mainly composed of spruce. In places the birch forms a region similar to the 
Scandinavian birch region, cf. also RoDER 1895. 

Along the lower stretches of the Petschora river one finds, according to 
SAMBUK and DrporrF (1934), the following tree species, counting from south 
to north: pine, larch, aspen, fir (Abies sibirica), spruce (Picea obovata) and 
birch (Betula tortuosa coll.). The two last mentioned tree species often together 
form the forest-limit and are also found among the isolated groups of trees 
which characterize the wide »ljesotundra». At Petschora Abies sibirica and, 
fairly rare, Pinus sibirica have their westernmost outposts, cf. SamBuK 1932. 
The forest region of Petschora can, as a whole, be divided into a southern 
Picea-Abies-region and a northern Picea-region. The border between these 


1) This »ljesotundra» shows resemblance to the subarctic region around the 
southern part of Hudson Bay in Canada. 
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two regions, is, according to SamBuK (Lc.), formed by the southern limit of 
frozen ground; the frozen ground farther north seems to allow a mixed forest 
of spruce and birch. Sampux considers larch as weak in the competition with 
other tree species in those regions. Larch and spruce reach latitude 68° in 
the Petschora region. 

The polar Ural has been more thinly settled than the rest of the polar 
regions of European Russia and this is probably the reason why forest-limits 
there seem to be more original than along the coast westwards, cf. Socava 
1927 and 1930. The larch dominates on the forest-limit in the polar Ural 
as farther east in Siberia. In the mountain Ural the larch seems to be much 
exposed to drying up. The northernmost larch associations are followed higher 
up by.a belt of Alnus fruticosa. 


A comparison between the western and eastern parts of the periphery 
of the North-European forest-region, thus, gives the following result: 


Fennoscandia and the Kola Peninsula: 


1. Pine is common on the forest-limit. 

2. The birch region is well developed. 

3. Absence of larch. 

4. Absence of Alnus fruticosa, Abies sibirica and Pinus sibirica. 


The Ural-Petschora-region: 


1. Spruce dominates the forest-limit. 

2. The birch region is insignificant. 

3. Larch is common along the forest-limit. 

4. Presence of Alnus fruticosa, Abies sibirica and Pinus sibirica. 


In this short summary of the general features of the forest-limit the Siberian 
and Canadian forests must be excluded, because the author’s knowledge about 
them is very limited. Excursions to Labrador 1937 and to James Bay 1946 
have, however, shown him the great difference between eastern North-America’ 
and Fennoscandia. As a matter of fact, we find greater resemblance between 
the Labrador coast and the Ural-Petschora region in respect of the forest-limit 
than between the Labrador coast and any other parts of northern Europe: 
a. The forest-limit in Ural-Petschora and in Labrador is chiefly formed by 
Picea-species, b. The larch occurs in the same way, c. The pine is entirely absent 
from the forest-limit, d. An Abies-species is present at the forest-limit. The 
climatic resemblance between the regions mentioned is remarkable (HUSTICH 
1939). 


The author has above dealt with the composition of the polar forests 
around the Arctic Sea, especially in northern Europe. The summary clearly 
shows that the polar forest-limit in Fennoscandia has its own particular fea- 
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tures. Nowhere around the Arctic does the pine forest reach so far north (lati- 
tude 70—-71°) as in the Norwegian fjords Alten and Porsanger and in the 
river valleys in Finnmark (Norway) and in Utsjoki (Finland). The dominance 
of the Scotch pine at the forest limit in Fennoscandia is a remarkable feature 
too. 

The vast inland »vidda», in northernmost Norway and Finland, can, on 
the whole, be considered a tundra region, but a dry one. The pine forests 
in the fjords and in the northern river valleys appear as forest islands and, 
maybe, as relics of earlier, larger forests. Compare Fig. 1—4. 


II. The reproduction of the Scotch pine at the polar forest-limit. 


The forest-limit or »timber-line» is generally considered a more or less 
stable demarcation line, but it is, in reality, fairly vague. With regard to the 
possibilities of regeneration, we may distinguish between: 

1. Generative or rational forest-limit. 

2. Vegetative or empirical forest-limit. 

It has often been stated (cf. KrHLMAN 1890, SERNANDER 1898, HEIKIN- 
HEIMO 1921) that the periphery of the forest region shows a transition zone, 
characterized by a lack of reproduction capacity. This transition zone might 
have arisen in such a manner that the trees which formerly were capable 
of reproduction, have later, for edaphic or climatic reasons lost this capacity. 
But this zone can also be supposed to have arisen through the spreading of 
seeds from trees within the »generative forest-limit» beyond the climatic limits 
for the reproduction capacity of the species in question. 

This classification of the periphery of the forest-region into a generative 
and a vegetative zone, is, of course, like so many other classifications purely 
an artificial construction. But the very principle on which this construction 
is based invites us to study the real conditions of reproduction at the forest- 
limit more closely. 


It is, however, a wellknown fact that one cannot observe any sudden 
cessation in the flowering of the trees at the forest-limit. RENVALL writes 
(1912, p. 87): »Kine Grenze des Blithens — gibt es bei der Kiefer nicht» and 
»Die Voraussetzung fiir eine ganz vorziigliche Reproduktion der Kiefer and 
der polaren Waldgrenze sind also in der Bliitenbildung gegeben» (L.c., p. 29). 
One may at the forest-limit sometimes find small trees with an astonishing 
number of inflorescences and cones. But, inflorescences and cones are not the 
same as viable seeds. In some respects, the same phenomenon (great amount 
of flowers and cones) occurs in other open, windy places outside the forest- 
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limit — on trees on the coast or in open fields. Thus, the flower production 
cannot be considered indicative of the »generative forest-limit». As the investi- 
gations of RENVALL into’the reproduction problems of the forest-limit in 
many respects opened new ways, an outline of his arguments may be justified. 

RENVALL presents statistical material on the flowering of the pine (the 
distribution of male and female inflorescenses, sterility, sexual divergence, the 
individuality of the flowering, etc.) and then explains the influence of age upon 
the intensity of flowering. He draws attention to the development of female 
flowers into cones, the size of which is statistically treated with regard to the 
quantity and quality of the seed. He proceeds to investigate the seed years 
at the forest-limit against the background of the different properties of cone 
years. The result he established, viz. that seed years occur with an interval 
of 60—100 years in the outermost zone of the forest-region and of 10—20 
years in the zone nearest to it, for long served, with full justification, as a stan- 
dard for the assessment of regeneration at the forest-limit. The summary 
given by RENVALL of his investigations in northernmost Finland reads as 
follows: »Immer wieder tritt schliesslich der Mangel der Samenproduktion als 
das entscheidende Moment hinzu. Dadurch wird die Leichtigkeit verstandlich, 
mit der eine starke und andauernde Depression der Waldgrenze der Kiefer 
ohne Mitwirkung allgemeiner klimatischer Veranderungen, nach und an fiir 
sich nicht vernichtenden dusseren Eingriffen eintreten kann. Andererseits 
verbirgt sich hierin ebenso die Erklarung der Schwierigkeiten einer neuen 
Elevation oder Dilatation des Waldes sowie voraussichtlich des langsamen 
Verlaufes der Verbreitung der Pflanzen iiberhaupt unter extremen Bedin- 
gungen, welche die rein vegetativen Tatigkeiten und die Bliitenbildung oft 
nur wenig beeintrachtigen, wahrend die Samenentwicklung gehemmt wird)». 
(l.c., p. 148—49). In another paper (1914) RENVALL gave a careful account 
of the relation between the length of the needles and the annual shoots and 
the correlation of those with the cone production, see p. 64. 

RENVALL did not pay greater attention to the direct influence of the cli- 
mate on the growth of the pine, although this in some way is suggested in his 
description of the variations of the length of the cones and the intensity of 
flowering from year to year. HacEM, the Norwegian forest-scientist, however, 
intensively studied the relation between climate and the formation of viable 
seed (1917). He describes the nature of the seed production itself in different 
years (colour, weight, volume, percentage of empty seeds), paying also atten- 
tion to the percentage of germination. HacEm noticed the great importance 
of the warmth of the summer for the ripening of the seed, and he produced 
a table showing cone and seed years compared with summer temperatures 
during the period 1871—1915 in different parts of Scandinavia. High summer 
temperature in one year produces a rich flowering at the northern pine-limit 
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(mainly female flowering). The periodicity in the flowering is attributed to 
the periodicity of climatic variations. The flowering years, therefore, appear 
at intervals generally corresponding with the intervals between the maximal 
summer temperature values. According to Hacem, the seed ripening of the 
pine is generally very poor at an average summer temperature (June—Sep- 
tember) below 10,5° C. The germination is good at a temperature exceeding 
10,5° C. At an average summer temperature exceeding 11,8° C the pine seed 
germinates very well. 

HEIKINHEIMO has dealt thoroughly with the reproduction of the pine and 
spruce at the forest-limit in Finland (1921). His cone and seed analyses and, 
above all, his experiments on the germination of pine seeds show that seeds 
taken at the polar forest-limit sometimes are of practically no value. His 
results are, in some respects, contrary to the statement of RENVALL, who 
argued in favour of a direct relation between the size of the cone and the 
quality of the seed. See in this connection the interesting paper of LINDROTH 
(1943). HEIrkINHEIMO also observed differences in the embryonic development 
of pine seeds from southern and northern Finland, cf. WrBEcK 1920. 

In 1932 Eve published an important work on the regrowth and regenera- 
tion of pine in Norwegian Finnmarken (about 88.000 hectares of the northern- 
most pine forest in the world). Having illustrated the poor regrowth of those 
forests, 0,87 °4 in average, he quotes some investigations of the regrowth 
on stationary test areas in Finnmarken in 1924—-30. These important investi- 
gations illustrate the necessity of protective forestry measures in the northern 
forests. But he also points out the danger of treating the northern forests as 
a nature park only, because the proportion of over-aged trees with no repro- 
duction capacity must not increase over a certain amount. Thinning is of 
importance also in the far North. 

EIDE dit not share HAGEm’s pessimistic opinion of the future of the northern 
forests. HAGEM estimated the interval between seed years in northernmost 
Norway at 50—100 years, a result which Erpr considered to be too much 
influenced by RENVALL’s investigations in northernmost Finland, in regions 
where the forests are old and the percentage — according to Er1pE — of trees 
incapable of reproduction is high. The author, who has seen the forests near 
Neiden at the Norwegian-Finnish border, agrees with EIprE. 

It is, however, not possible to draw conclusions re the quality of the seed 
production merely on the basis of the absence of regeneration. Other factors, 
such as shadows in close forest formations, feeding of reindeer, poor soil, too 
rich vegetation cover, too old forests, dry or cold weather etc. may also in- 
fluence the regeneration of the pine forests in the North. Before man started 
to manage the growth of the forests, dry summers, by increasing the frequence 
of forest-fires produced glades in the forests, faciliating germination in case 
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favourable summers followed shortly afterwards. According to EIDE it was 
not altogether advisable to oppose cutting for a long time in forest-limit 
tegions, because the conditions of regrowth deteriorated. 

_ Ewe gives tables illustrating seed years and average summer tempera- 
tures in Norwegian Finnmark. He also finds that the condition of seed years 
are in fact more complicated than was generally supposed in earlier years. 
Thus, the average summer temperature of the year of flower formation must 
be 0,5° C higher than normal. During the following year, the real »flowering 
year), the temperature may, however, be somewhat lower, provided the ri- 
pening year, the year after the flowering year, has a high summer temperature. 
For the flowering year an average summer temperature (June—September) 
of 9,5° C seems to be enough in Finmark. The ripening year, however, must 
have an average summer temperature of at least 11° C (to give 80 % living 
seed in a nursery, cf. ErpE, l.c., p. 423). 

KuJALAs investigations (1927) of the anatomical quality classes of pine 
seed are of interest in this connection. He examined seeds from different 
places in Finland during some years 
and recorded the seed quality clas- 
ses on a map together with the 
isotherms of the summer average 
temperatures. It appeared that the 
11,5° C-isotherm fairly well limited 
the »best seed quality class» to the 
North. During 1923 no such seed 
was found north of latitude 63° in 
Finland, while in 1924 seed of the 
very. best quality was collected at 
68°31’ n. Lat. The difference between 
a good and a poor seed year for the 
pine in the North is obvious, and 
average values thus often givea false 
picture of the biological circumstan- 
ces which depend on the variations 
of the climate. (See Map 3.) 


In all essentials, I think, the 
investigations of which accounts Map 3. The quality categories (0—V) of pine 


; d in 1923 and 1924 in northern Finland 

iven above, also apply ** 
eeeers ¥ ce wet h pan according to KUJALA 1927. Note the difference 
Eeaeroueck limits Vetsswhers. 7 ek between the two years. 8,5°, 9,0° etc. are 
publications and the material in isotherms for the average temperature du- 


the chapters below show that the ring June-August. 
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variations of the climate from one year to another make the expressions »gene- 
vativey and »vegetativey forest-limits, once very popular in forestry, m reality 


very vague. 


III. The lability of the forest-limit. 


It has been proved in the foregoing that the »generative forest-limit» is, 
in fact, very unstable; its course varies in relation to the climatic conditions 
of ditterent years. The growth of trees at the periphery of the forest-region 
is more directly dependent on the climate (provided that the forest-limit in 
question is conditioned by climate) than in the centre of their distribution. 
Consequently, any change in: the climate from decade to decade or from cen- 
tury to century should be particularly clearly noticeable at the forest-limit. 

It is, in fact, surprising how distinctly the trees at the forest-limit, even 
in the smallest details of their growth, register climatic changes, a fact which 
will appear for instance in analysing the annual rings on the trees. The analysis 
of annual rings has become one of the most important means for forest-science 
to show the reaction of tree growth to, for instance, climatic changes; cf. p. 32 
below. With this »dendrochronology» we are able to get an idea of the changes 
in temperature also during periods preceding that of the series from the me- 
teorological stations. 


Even without such subtle methods as the analysis of annual rings on trees, 
the lability of the forest-limit ca nbe illustrated. Archeology has established 
that the course of the forest-limit has changed and that these changes (Mon- 
golia, Arizona) have also brought with them changes in the location of human 
culture in earlier centuries. We shall, however, in the following confine our- 
selves to the polar forest-limit within a reasonably short period. 


Several authors have spoken about the existence of remnants of forests 
on the steppe or on the tundra and thus confined the existence of a climatic 
period favorable for the growth of trees during earlier epochs on those places. 
Efforts have also been made to connect these changes as between continents. 
The essential ground for such a connection is, however, still lacking. 

The retreat of the forest in the North during historical times has been 
eagerly discussed. The withdrawal, which is particularly noticeable on the 
vertical forest-limit in Norway south of the Arctic circle, is probably only 
a result of timber cutting since the stone age, cf. Hacem 1917. In mountain- 
bogs in Central-Norway remnants of pine trees up to about 1.350 m abdve 
sea-level have been found, viz. about 500 m above the present pine-limit; 
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cf. also VE (1940). In 1903 ReKsTap (HAGEm l.c.) estimated the summer tem- 
perature during the time when the forest-limit had its highest course on the 
Hardanger to 2° C higher than at present (viz. the time about 1900). According 
to Hacrm, the regression of the pine-limit corresponds to a decrease of the 
average summer temperature of at least 3,1° C, possibly 3,6°C. ‘This must 
be considered a change of considerable importance; cf. also ANDERSSON 1910. 

Many scientists have investigated the regression of the tree- and forest- 
limit on Swedish mountains. Enouisr (1933) proves a retreat of the pine- 
limit of about 175 m in the regions at the Arctic circle. The possibility of 
ascertaining the degree of change in the climate »is based on the fact that the 
frost limit of birch, as set by the summer climate, has in its constant the same 
number of days as that of the pine, or 26 days (see p. 8 above), while the 
temperature degree lies 3° lower (l.c., p. 187)». The fossil limit of pine now 
runs, according to ENguist, between the pine and the birch limit. »From 
these facts it can be deduced that the temperature within this region, at the 
time of the maximal distribution of pine, during the 26 warmest days of the 
summer, was, On an average, 1,5° higher than in recent times (l.c.)». The 
value is rather too precise. The map (cf. p. 13) made by Enoutst of fossile 
discoveries of pine in northern Scandinavia is very instructive. The moun- 
tains of Finnish Lapland are too low to allow any conclusions about the retro- 
gression of the pine; cf. Husticu 1937. There are, however, some interesting 
discoveries of pine remnants a considerable distance from the recent pine- 
limit. 

The land-ice having receded, birch and pine occupied the free land after 
which followed an optimal time for pine (AUER 1927). Spruce appeared during 
a time when deterioration of the climate seems to have caused a retreat of the 
pine. This probably happened about 2.500 years ago. According to the latest 
investigations (cf. AHLMANN, LAURELL, MANNERFELT 1942) there was a cli- 
matic optimum in northern Sweden between 5.000 and 3.000 B.C. About 500 
B.C. a successive deterioration of the climate set in, entailing along other 
things increased rainfalls. The tree- and the snow-limit retreated and spruce, 
which previously appeared only sporadically, seems to have become common 
in Norway about 1.000 B.C. 

As has been pointed out above, there is disagreement between the scien- 
tists as to the course of the western limit of Norway spruce. As this problem 
is closely connected with the question of the general lability of the forest- 
limit, it will be briefly discussed below. 


There is hardly anything as difficult to prove in plant geography as the 
migration of plants. It is difficult to state when the distribution of a plant is 
due to edaphic and when to climatic factors. How rapidly can for instance the 


spruce migrate? 
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The distribution of seeds from a tree certainly depends on occasional wind 
conditions, the moisture in the air etc. According to HEIKINHEIMO (1932) the 
seed of Norway spruce is distributed by the wind about 200—250 m. On glassy 
ice spruce seeds can occasionally be transported 15 km. Is a migration beyond 
500 m conceivable during the period (about 25 years) between the germination 
of the spruce seed and the following productive stage of the spruce on the one 
hand and a new station for further seed distribution on the other? SAURAMO 
(1940) shows that the western limit 0. spruce about 4.000—5.000 years ago ran 
through Central-Finland. It was stated above that the spruce became common 
in Norway about 3.000 years ago. The spruce, thus, seems to have covered about 
800 km in about 2.000 years, viz. 10 km during one average spruce generation. 
Geologists, therefore, must infer the presence of solitary spruce forests and spruce 
trees in southern Finland about 9.000 years ago. From those local centres spruce 
has spread further. 

About 9.000 years ago the pine-limit was (SAURAMO l.c.) in Lapland 400— 
500 km more to the south than it was about 6.000 years ago, when pine forests 
appeared in the North-Norwegian fjords(?). This is a migration of a tree species 
of about 4 km in 25 years, viz. about one average pine generation in southern 
Finland (but not in northern Finland). This distance is thus fairly long and one 
must consider that there is not a seed year for pine each year. Besides, one very 
rarely finds pine seedlings more than 100 m from a pine tree. The pine also in 
the North had to pass over unfavourable lands, the wide Finnmarken tundra, 
which at that time must have been to a greater extent marshy than nowadays. 
This illustrates the need for coordination of geological and biological theories. 
How does one, moreover, imagine the encroachment of the spruce on soils earlier 
dominated by pine to have taken place, ie. what migration »speed» is to be 
assumed if we follow the time schedule of the geologists? There are many in- 
teresting questions in this connection. 


But, it has been agreed that the pine in northern Fennoscandia has had 
an optimal period in postglacial time. The pine-limit has receded because 
of a decreasing average summer temperature. Can the situation at present 
be considered stable? 

The forest-limit changes harmoniously, if somewhat slowly, in accordance 
with changes in the climate. ORDING explains this fairly clearly (1941, p. 247). 
He writes, that the best developed bogs give a strong impression of regularity 
with an even distribution of mouldering layers between layers of almost uni- 
form thickness of fresh turf. But even if one does not consider the evidence 
furnished by the turf and pollen analyses of periodical climatic changes, there 
is evidence enough of fairly regular climatic changes of a duration of about 
35 and 57 years. And these changes must in themselves be of great importance 
for the reproduction of the forests in regions, where the climate is of an extreme 
character; cf. ORDING (L.c.). WIEDEMANN (1925) points out that the changes 
in the climate have had a great influence on forestry measures of different 
kinds in Saxony. The changes in those measures in forestry correspond clearly 
with the changes in tree growth depending on changes in the climate; cf. 


ACTA BOTANICA FENNICA 42 23 


the different opinions expressed by RENVALI, 1912, Hacem 1917, Err 1932, 
Husticu 1940. 

The question of the advance or retreat of the polar forest-limit has been 
differently judged at different periods; cf., for instance, REGET, 1940. Having 
pointed out, in accordance with BorTHLINGK and GorBEI, that the forest- 
limit on the Kola Peninsula earlier had its course further north than at present, 
REGEL mentions that this also applies to other parts of northern Europe and 
Siberia. »Aber nicht iiberall weicht der Wald vor der Tundra zuriick. Am 
Anadyr scheint nach Tyurra (1936, p. 193) das Gegenteil der Fall zu sein. 
Auch an anderen Orten in Sibirien scheint ein solches Vordringen des Waldes 
beobachtet worden zu sein. Auch das stellenweise Zuriickgehen der Grenze 
des Eisbodens nach Norden hin (SumcINn 1937, p. 244 ff.) scheint darauf hin- 
zaweisen, dass das Klima der Tundrazone milder geworden ist» (REGEL, lL.c., 
p. 297). If RecEt, had visited Kola during a later period than he did (about 
1911—1913 ?), he might also have made the same observations regarding the 
advance of the forest-limit as the newer Russian scientists quoted by him. 
Thus ZINSERLING (1934 p. 361) writes: »Jedenfalls unterliegt es keinem Zweifel, 
dass in einem Teile der Kola Halbinsel gegenwartig der Wald gegen die Wald- 
tundra vorriickt.» Cf. the statements from Petsamo made by Aarto 1940. 

In a paper of 1933, based, as far as the author knows, on investigations 
carried out 1927—29 in Pet- 
shora, SAMBUK does not want 
to make any definite state- 
ments re the above mentio- 
ned problem: »Zweifellos ist 
es, dass friither die Walder 
viel nérdlicher von der gegen- 
wartigen Waldgrenze ausge- 
dehnt waren. Mit der Klima- 
verschlechterung senkt sich 
die Waldgrenze zum Siiden. 
Ob’sie auch noch jetzt immer 
fort in derselben Richtung 
sich Andert? Diese Frage 
bleibt unbeantwortet, weil 
heutzutage in der Ljitera- 
ture zu viel einander wider- 
sprechende Meinungen herr- 
schen.» 


; : Map 4. Sketch map showing localities where pine 
This statement is typical seedlings (1—3 years old) were observed by the author 
ot the period during which in 1939 and 1940. 
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Sampux studied the forest-limit. The result of the favourable summers during 
the period 1920—1930 was not yet apparent in the form of a more outstand- 
ing regeneration in the forest-limit regions. But as early as 1924 NORDFORS 
writes that the pine seems to advance in the North, young pines carrying an 
abundance of cones although damaged by the wind, appear above the pine- 
limit. LANGLE’ (1935) writes about the fairly good regeneration of the nort- 
hernmost pine forest in Borselvdalen in Porsanger, Norway. Cf. the interest- 
ing investigations by ArNBorG (1943, p. 151) on the regeneration of pine 
on isolated mountains in Sweden. 

The radial growth of the pine at the forest-limit in Utsjoki, northernmost 
Finland, shows according to the present authors studies, a clear depression 
in 1901—-16, but later on one can observe an improvement in the radial growth. 
This would probably also have been found in case similar investigations had 
been made at the forest-limit in northern Russia, see below. 


There does not, at present, seem to be any doubt among those scientists 
who have worked at the polar forest-limit, that the forest has been advancing 
in the last decades; see also BLtsTHGEN 1942. The reason for this are the many 
favourable summers in 1920—30, which, as far as temperature conditions are 
concerned, completely fulfil the conditions which according to earlier authors 
(HacEM, EIDE) were essential for satisfactory regeneration at the forest-limit. 
In the summers of 1939 and 1940, as shown below, the author found pine 
seedlings even beyond the most isolated outposts of the pine in Utsjoki (Map 4). 
As tar as the edaphic conditions are concerned the pine seedlings at the forest- 
limit find fairly good conditions: scarce vegetation cover, a thin forest and 
plenty of light. 

Against the background given in chapter VI below, the opinions ot the 
different authors seem quite natural if the climate during the periods, in 
which they worked in the field at the forest-limit, is considered. In this con- 
nection it will suffice to point out the difference between the opinions of 
RENVALL (1912) and Erpr (1932) and between RENVALI, and the auther 
(1940—45). Perhaps, after some twenty years, there will again be a tendency 
to accept the emphatic opinion of RENvALL about the necessity of protecting 
the forests in the North? 

In this case, as in other climatic questions, one is tempted to pay too much 
attention to the climate of the preceding years and to draw conclusions re- 
garding the future development without knowing much of the stabilit y of 
the observed tendency in the climate. We may just as well have to do with 
smaller gradations only in the general climatic development. 

To illustrate, however, the positive development in the last decades the 
author in Table I below combines some pieces of information concerning 
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the radial growth of the pine with statements of relative crop values 
for the same periods. The figures show a very marked increase for the last 
decades. a is a summary of the corrected series of ERLANDSSON (1936) of the 
radial growth of pine in Abisko in northern Sweden. } is a summary of the 
standard series for the radial growth of pine in Utsjoki (Hust1cH-ELFVING 
1944). c shows the relative crop of rye and d of oats in the county of Oulu 
(Uledborg). The unit for the radial growth of pine is 1/100 mm. 


Table I. Decade-average for the radial growth of pine and the relative crops 
of rye and oats 1860—1939. 


a b c d 
1860—69 69,3 — 5,04 4,70 (1861—69) 
1870—79 78,2 — 6,53 4,62 
1880—89 57,8 — 703 4,73 
1890—99 78,9 99,4 5,98 4,52 
1900—09 65,6 70,8 yy) 4,00 
1910—19 70,4 92,8 6,54 4,16 
1920—29 76,4 423,9 8,19 HPAL 
1930—39 — AAD A 9,70 7,04 


Note the minimum values in 1900—09. While the differences in the pro- 
ductivity values of the vegetation cover during different years are considerable 
and marked, which is always the case in regions of a climatically extreme 
character, the climatic development as a whole, viz. the general »improvement» 
of the climate, appears evident in this table. This question about the »impro- 
vement» of the climate has been violently discussed by geographers and me- 
teorologists in recent years. In Lappish agriculture the favourable development 
was easily to be observed from the advance to the North of certain more deli- 
cate kinds of grain. AHILMANN (1939) has investigated the retreat of the gla- 
ciers, a phenomen which gives, perhaps, the clearest evidence of a favourable 
climatic development. See also the compilations of facts by WAGNER 1940 
and KERANEN 1942. 

This »improvement» of the climate in the northern temperate region corres- 
ponds to an opposite phenomenon in the regions where the precipitation 1s the 
limiting factor for the growth. Cf. KErxEn’s period of drought and poor tree 
growth 1918—1937 in Oregon with the period of good growth in northern 
Finland which begins about 1917. Cf. Diagram 2 and 3. 

Griccs describes the interesting conditions at the timber-line in Alaska 
nowadays, (1937). He points out that »everything — suggested that instead 
of being held to a stationary line the forest was advancing» (Lc., p. 253). But, 
in Alaska the conditions for the advancing of the forest seem to be ditferent: 
»the facts indicate that there is occurring in Alaska a plant migration of exactly 
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the same character as the paleontologists tind evidence of in past geological 
ages. Apparently the climate of Alaska has become mild so recently that the 
trees have not been able to keep up with the change and occupy all the terri- 
tory suitable for them (l.c.)». Strongly Griccs points out the same idea as 
the author above: »Just as it is difficult to observe the ebb and flow of tides 
in mid-ocean so it is difficult to discover biotic shifts in the middle of specitic 
areas. But exactly as one can readily observe small changes in tide level on 
a sloping beach so can one detect very slow advances or retreats of species 
at the edges of their ranges where they stop short and drop outy (l.c., p. 252). 


As a conclusion it may be stated that the forest-limit (the timber-line) 1s 
a very labile phytogeographical border line, which seems to react closely to changes 
of climate from year to year and, therefore, also to longer, potentially periodical 
climatic changes. 


IV. The forests in Utsjoki in northernmost Finland. 


Thanks to the kindness of the Department of Forestry in Finland the 
author has been allowed to use the forest-economical plan for Utsjoki forest- 
district. This forest management plan was made by Forest officer A. Hn1i- 
VIRTA during the years 1936—41. 


Utsjoki parish, the central part of northernmost Lapland (Finland) compri- 
ses 470 hectares of meadows, farms etc., 46.073 hectares of productive forest 
land, 113.435 hectares of poor forest land and 351.865 hectares of impediment, 
of which 74%, is open mountain ground. 2 °% of the productive forest land 
consists of mossy forest with moist subsoil, 62 °, of moist forest moors, 34 % 
of dry forest moors and 2 °% of low forest-bearing bogs. The productive forest 
is composed ot Scotch pine (14%) and birch (Betula tortuosa coll.), 86 %. 
The Scotch pine forest is in general situated on the dry moors in the river 
valleys, where the drainage is sufficient. This dry pine forest has given the 
material chosen below to show the influence of the annual climatic variations 
on the tree growth at the forest-limit on Lat. 69°30’—70° N. 

The growing stock in Utsjoki district is estimated at 672.000 m® on the 
productive forest land and about 235.000 m® on the poor forest land. Hurm1- 
VIRTA estimated the amount of valuable timber, viz. trunks over 22 cm at 
DBH, to about 110.000. There are about 127.000 dead trees. Those figures 
give an idea of the size of this pine forest island on the Lappish »barren ground». 

In the isolated pine forests of Utsjoki, Kevujoki and Pulmanki, see Map 5, 
the distribution of age classes and growing timber trees are, according to 
HULIvViIrTA, as_tollows: 
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Uisjoki—Kevujoki: 
year class 1—40 41—80 81—120 121—160 161—200 over 200 total 


INese. . 257 — 12.4 307 4.417 1.077 2.979 hectares 
birch .. 140 2, 5.879 — —— — 10.791 » 
Pulmanki: P 
pine.... — — — 170 = == 170 » 
birch .. 104 2.430 peo — a _ 5.749 » 


The basis of the calculation should, however, motivate more approximate 
figures. 

The above table relates to productive forest land only. It is remarkable 
that the age class 41—80 of pine in Utsjoki and Kevujoki is totally lacking 
— in this report — and that the pine in Pulmanki seems to be completely 
without younger age classes. 

The total amount of growing timber trees in Utsjoki, Kevujoki and at 
the forest limit at the Tana river along the Norwegian-Fianish frontier is 
as. follows: age class 1—40 4.040 m? (about 6 m3/hectare), age class 41/—80 
62.841 m® (about 8 m3/hectare), age class 81—120 106.890 m? (about 11 m/hec- 
tare), age class 121—160 14.300 m® (about 30 m3/hectare), age class 161—200 
44.880 m?® (about 32 m3/hectare), over 200 years 
33.650 m® (about 31 m3/hectare) or in average 
13 m$/hectare (HIMLIVIRTA). 

The height of the pine trees in Utsjoki sel- 


Tae 


dom exceeds 12 m, 8—10 m being the average. ee 7 
Utsjoki parish has about 130 houses; about aoe $ is 

600—800 logs are yearly used for building pur- ‘ we ee 

poses. ch y 


On the basis of statements made by the forest 
ranger O. Taproia, whom also the present writer 
has consulted on this subject, HimivirtTa points 
out that the forest earlier occupied greater areas 
and also reached tarther north and higher up 
the slopes of the mountains (highest mountain : ® 


Map 5. The isolated pine forest in Utsjoki, according 
to Forest officer A. Humivirta (simplified from his map 
in the Forestry Department). The dashed line shows the 
approximate tree-line of pine, the dotted area the 
pine forest in the valley. Note the importance of the PEN 
good drainage along the river and the brooks. The in- , yn 
fluence of the south exposition appears clearly from : 
the map. The lakes are marked with black. 
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about 600 m) in Utsjoki. In some places one may come across hundreds 
of old stubs, remnants of previous pine forests on now barren mountain 


moor. 


V. The annual variations in shoot and needle length of the pine 
at the forestslimit. 


In the following the length of the annual shoots on the branches of Scotch 
pines are examined. Only branches of the second order (sensu RENVALL 1914), 
which have already passed their most active period of growth will be considered 
below. For the annual shoots on these branches, lacking the continual growth 
increment, reflect in their length more or less directly the influence of the 
climate. This study disagrees, to a certain extent, with the excellent work 
of RENVALL 1914, because he did not attribute any great influence to climate. 
He examined closely the length of the annual shoots on branches of different 
order and age on a 57—60 year old pine, height 5 m, diameter 11,1 cm (lo- 
cality: Pasvik river valley in northernmost Finland). He stated: »Der Jahres- 
triebe scheint an 1—2 jahrigen Zweigen seine maximale Lange zu erreichen, 
dann nimmt diese sehr schnell ab, bleibt an etwa (4—)5—8(—9)jahrigen 
Zweigen annahernd konstant um an alteren Zweigen allmahlich wieder abzu- 
nehmen.» (1914, p. 47.) 

This variability is, as RENVALL explains, to a high degree dependent on 
the inner process of development of the tree. The marked correlation between 
the lengths of two successive annual shoots on different branches is remark- 
able, on an average r = 0,95 according to RENVALL l.c., p. 57. This marked 
correlation accounts for the authors method of trying to prove an influence of 
external factors, mainly the variations of the climate, on the growth of the pine, 
on the basis of measurements of successive annual shoots following each other 
on branches of the same order on different trees. cf. HusticH 1940. Of course, 
it would have been of greater interest to examine the growth in height of 
the main trunk of those trees. The increment in height is, however, often so 
abrupt and so much disturbed by different factors, that one very seldom 
finds a tree where the growth in height gives a correct idea of the variations 
in growth from year to year. 

In his above-mentioned paper RENVALL investigated the growth in 
1904—09. Unfortunately, these years were all fairly similar in their climatic 
character. The influence of such a favourable year as 1906 appears, however, 
in RENVALL’s tables in the length of the annual shoots in 1907. Below I com- 
pare the tables in RENVALL (l.c.) with the mean July temperature in Oulu 
(Uleaborg). (There are, unfortunately, no earlier series than 1908 from the 
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stations in Enare and Sodankyla, see Map 6, which would have been more 
suitable for this purpose.) 


Table II. Length of annual shoots (inmm) and the July temperature in 1904—09. 


1904 1905 1906 1907 1908 1909 


Fuly’ temperature’... 13,8 16,3 4D, Alki fa 15,6 16,7 
Branches of 2nd order, 

f——3, yeareold. <4 Ja5.. — 99,7 126,3 1474. 100,6 146,41) 
Branches of 2nd order, 

12—22 year old .... — San 85,9 90,4 66,0 74,4?) 
Branches of 3rd _ order, 

1—10 year old ...... —= 28,4 Dh 2657 22,6 24,58) 


Notes: 1 and 2. RENVALI, 1914, p. 48; 3. lc, p. 54. 


The influence of the high July temperature in 1906 is shown in the length 
of the shoots in 1907. The above values have, as has already been noticed, 
reference to one tree only, which was, however, very carefully examined by 
RENVALL. 

Table III comprises measurements on 269 branches of about 150 pines 
growing at the forest-limit in Utsjoki (and Enare) on open dry moors. Series 
ain Table IV comprises branches measured in July 1939 in Enare and Utsjoki. 
6 are Utsjoki-pines measured in July 1940. c are pines from Utsjoki and Kevu- 
joki river valleys, measured in April 1941, and d pines from the same localities, 
measured in July 1945. Table III shows how well the measurements of the 
different years coincide, proving also that this simple method gives a com- 
paratively reliable result when we try to distinguish the influence of certain 
years on the growth of the tree. 


Table III. The length (in cm) of annual shoots on branches of 2nd order of pines 


in Utsjoki. 
Number 1944 1943 1942 1941 1940 1939 1938 1937 1936 1935 1934 1933 1932 1931 1930 
a. 88 ee ee ee Gm 4 Jue An 2 2A 46 2,0 18. At 
6. 94 Se ESS SP e mE UR ee Rae See mea! aay mee) — 
Capes ce ee SS BO) ER A SP ee ee ERY ea” Ss 57) 
G02 Pie toe od 26 os0m Syoun 2,9 2,0 30 257 2,400 —— —_—- — 


There is, in fact, a very remarkable conformity in the length of the shoots 
on those over 100 year old pines. Table III shows clearly how pine branches, 
which have already finished their continous growth, due to internal physio- 
logical factors, still react extremely sensitively to changes in the climate from 
year to year. The material is sufficient to allow us to point out certain maxi- 
mum years of growth in length in the North: 1932, 1935, 1938, 1942. (1930}, 
1933, 1936 and 1941 were years with poor growth. 


30 I. Hustich, The Scotch pine in northernmost Finland 


‘Table IV shows that side-branches of the 3rd order (sensu RENVALL L.c.) 
react in a similar way. Series a in Table IV comprises two branches of the 2nd 
order of a pine growing at the forest-limit in Utsjoki (April 1941), series 6 
the average value of 22 branches of the 3rd order of the two branches in a. 
Series c is the average of three branches of the 2nd order of pines close to a. 
Series d is the average of 20 branches of the 3rd order taken from the c-branches. 


The values in brackets are uncertain. 


Table IV. Branches of the 2nd and 3rd order of pines in Utsjoki. Length of the 
annual shoots in cm. 


Series: 1940 1939 1938 1937 1936 1985 1934 1933 1932 1931 
A picscoce 3,9 5,97) Ge) BiSee B41) 05.S0e eee (eae Mee 
b wsscssan 4,7. 2,8 29 4,9 92,0 3,0 2.6 (3.7) oe 
Brsishass oc BpBobe B79" GA Lee a,9. SS Beit GE 1S Beane 
d 2.2. 9:47 6,2. 255 0 25. 46. ea 0 0 ee 


Table V illustrates the growth in length of young pines ot different ages 
and heights. The material is too small and inadequate, taken on a trip to 
the mountains of Hammastunturit and in Utsjoki in 1945. Series a in Table 
V is the average of 3 well-grown trees on the slopes of Hammastunturit in 
Enare above the timber line (height 9,5 m, 4 m and 8,5 m, diameter 13 cm, 
10 cm and.20 cm, age about 80, 55 and 100 years). Series 6 is the average of 
3 trees at the timber line in Utsjoki (height 7,5 m, 6,5 m and 7,5 m, diameter 
13 cm, 12 cm and 13 cm, age about 65, 60 and 70 years). Series c is the average 
of 8 young pines on the mountain slopes of Hammastunturit above the timber 
line (height 2—3 m, age 18—30 years). Series d is the average of 10 young 
pines at Utsjoki timber line (height 0,7,—2 m, age 14—30 years). Series e 
is the average of 5 young pines on the pine culture at Ollila, Utsjoki, where 
pine was sown in 1928. 


Table V. The growth in length of young pines and pine trees, in cm. 


1944 1943 1942 1941 1940 1939 19388 1937 1936 1935 1934 1933 1932 1934 


19" 48 629 45 20 29" 28 22 {6 ete oe Oe aes 
15 16 23 “Ts "18" "24" 26 20" A ae eee ps ame 
13 15 24 1” eee 1S et ts Ce bh 3 f 8 9 
\ De LF AT Lie eer 8 7 8 a 5 6 7 
LO" 12°) 215 ewe Se Ae 8 Sier20 1 


Bye Pays, ey © 


The material is poor owing to the fact that the growth in height at the 
timber line is rarely undisturbed. Thus, series a and b, consisting of well- 
grown trees, gives too positive a picture of the growth in height at the timber 
line. But in this connection the main purpose is to give an idea of the annual 


ACTA BOTANICA FENNICA 42 34 


differences in growth. And it is extremely interesting to notice the good re- 
semblance between tables III, IV and V, 1935, 1938 (1939) and 1942 being 
maximum years, 1936, 1941 and 1943—44 minimum years in each series. 
There are differences, too, 1932 being a maximum year in tables IV and III 
and a minimum year in Table V. In 1941 10 young pines (height about 2 m) 
were measured in Enare; their average was: 1940 11,1, 1939 14,1, 1938 12)5, 
1937 9,2, 1936 7,2, 1935 9,1, 1934 8,8, 1933 6,9, 1932 7,2, 1931 5,7 and 1930 
4,5 cm, thus showing maximum years in 1932, 1935 and 1939, minimum 
years in 1933, 1986 and 1940. 


The variations in the needle length on 244 branches of the 2nd order on pine 
trees (of the same kind and age class as in Table III) appear from table VI. 
On each annual shoot the longest needles have been measured (except, however, 
the extreme values which needles of the topmost part of the twigs may show 
when the temperature in August has been very favourable for growth). The 
needles of older trees seldom survive 7—9 years. The influence oi the climate 
on the needles cannot be as clearly established as that on the annual shoots. 
The below series, however, coincide fairly well. a—d in Table VI refer to the 
same localities as in Table III. 


Table VI. Needle length (in cm) on branches of the 2nd order of pine in Utsjoki. 


Number 1944 1943 1942 1941 1940 1939 1938 1937 1936 1935 1934 1933 


a. 50 i Oko, to oO saa (ae) 
Be 03 ee 88 )«=« 8B. 8,2 3,2) 3,9" | 857 

C. 31 2360) 25555370) 9s, 008 2:9" 2,988 350 eion2) 
d 60 Zadiee ont aeetos len, 18,9" 852,08 ee, de oF8 = i 


The normal length of the needles on the Scotch pine in Utsjoki on older 
branches is 2,5—4,0 cm. 1934, 1938 and 1941 show good length growth ot the 
needles. 1935, (1936), 1939, (1940) are minimum years. Note the difference 
between the growth of shoots and the growth of needles. 

In the classical work of RENVALL 1914, more careful attention has been 
paid to needle length than in any other work. He points out that the length 
of the needles decreases with the advancing order of the branches and that 
the length of the needles shows a periodicity, dependent on internal factors, 
corresponding to the age of the twigs. But that is also as Table VI clearly 
shows, due to an influence of the climate on the length of the needles in dit- 
ferent years. The length of the needles and their number influence the assi- 
milation capacity of the annual shoots. 

The growth ot the needles is not an elongation process as the growth of 
the annual shoot in early summer, but mainly a formation of new cells, with 
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the exception of the »shorts shoots», which are formed in the bud of the pre- 
vious year. It is thus natural that one cannot find any close connection 
between the length of the shoot and the length of the needles. Already HESSEL- 
MAN 1904 points out that the winter bud consists of the same number of »short 
shoots» as that which appears on the »long shoots» the following summer. 
Cf. also LarraKarti 1920. 


VI. The radial growth of the pine at the forest-limit. 


An historical review of the measuring of annual rings is given by ERLANDs- 
son 1936. Re new ideas in the dendrochronology cf. Douciass 1946. Re 
investigations of radial growth of trees in Finland cf. LAITAKARI 1920, BOMAN 
4927, InvEssALO 1942, Husticu 1940 and 1945. Annual rings are found only 
in regions with climatic periodicity, an alternation between cold and warm, 
or rainy and dry periods (cf. i.a. ScHULMAN 1942). Sometimes, however, the 
internal »life rhythm» due to flowering and fruit formation in tropical trees 
causes rings very similar to annual rings in the temperature zone to develop. 
In the trees of the north the internal periodicity is covered by the intluence 
of external factors, the changing seasons. The variations in the summer cli- 
mate from year to year influence clearly the size of the annual rings, see below. 


In preliminary earlier papers the present writer has stressed the value of 
the radial growth of the pine at the forest-limit as a climatic indicator. At the 
northern pine-limit the temperature is the most important impeding factor. 
This conclusion is drawn from the fact that the growth of pines, even if only 
the length of the annual shoots on small branches of the 2nd or 3rd order 
are considered, shows a very distinct correlation with the changes in the 
temperature from year to year. 


It may not seem quite appropriate to consider the pine at the forest-limit 
as a suitable subject for investigations in the above respect. This type of pine, 
the low pine on the border of the barren ground is, of course, not representative 
from a purely forestal point of view because these solitary pines at the forest- 
limit (Fig. 1—4) are considered more as a curiosity by foresters. The following 
points of view should, however, be considered: 

a. The pines in the Utsjoki barren grounds grow quite detached. The 
competition with other trees is thus a factor which is here more or less eli- 
minated. The growth of the pine at the torest-limit proper is therefore to a 
higher degree due to climatic and edaphic factors only. 

b. It is true that pines on »barren ground» are often the remains ot eee 
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forest stands, but generally no traces of other trees close by have been observed. 
As the author has considered the 50 latest annual rings only, an influence 
by a possible earlier root and light competition may be considered, eliminated. 

c. Influence of cutting and other kinds of human interference is hardly 
directly noticeable any longer. The forest fires constitute the only factor of 
importance. In the last 50 years they have, however, been fairly local in the 
northernmost forest-regions and their traces are easily seen on the trees. 

d. The influence which the wind exercises on the radial growth of the trunk 
(cf. BUSGEN-Mtwcu 1927) is on those fairly scattered trees evenly dispersed. 
But the radial growth of the pine at the forest-limit has perhaps also been in 
some degree yover estimated». The continuous summer light in the North impro- 
ves the radial growth (Husticu 1940), the scattered pines at the forest-limit 
receive light from all directions. (The same can be seen also in climatically 
less extreme regions by the appearance of solitary trees standing in open 
fields or on open river banks. One is always inclined, before closer examination, 
to over-estimate the age of such trees.) Thus, the variations in radial growth 
of the pines at the timber-line have been somewhat exaggerated in comparison 
with trees in normal stands farther south. This is, however, only a positive 
stimulus to an investigation for the purpose of showing and, maybe, ex- 
plaining the ditferences in growth in ditferent years. 


The material used below (cf. Husticu-ELFvinc 1944) consists of increment 
cores obtained with an ordinary Swedish incremeat drill by the author in 
the summer of 1939 and 1940, in April 1941 and in June—July 1945 (cf. p. 47) 
in Enare and Utsjoki and Kevujoki river valleys (about Lat. 69°30’—70° N). 
Boring was usually done at a height of 1,3 m above the ground on the S-side 
of wellgrown pines on Cladina and Empetrum sites. Out of the abt. 200 sam- 
ples collected in 1939—41 in Utsjoki 148 samples of good quality were selected 
(table VII). Abt. 250 cores from the Enare parish have been only partly mea- 
sured, and are not used in this paper. Out of 106 samples collected in 1945 
66 were selected for the series in table XIV. For an account of the measure- 
ments etc., cf. the above-mentioned paper. 

Table VII gives the rough material (before 1945) for the calculation below. 
The expression »age class) refers only to the number of annual rings of the 
cross-section of the tree at 1,3 m. At the timberline it is difficult to finda suitable 
method to calculate the age oi trees of a certain height. In some places a pine 
1,3 m high is 30 years old, in other places 20 or 50 years old; cf. RENVALL 
1912. In the untavourable years (the »lowy period between 1901—1916), 
when RENVALL made his investigations, 67 °/, of the 60 year old pines were 
only 0,5—1,0 m high. Thus, the age class in Table VII is a very rough indi- 
cation of the age. To the age classes »31—50», »51—70» etc. we must add about 
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30 years to obtain the real age class. The »radial class» in the same table refers 
only to the length of the radius measured on dry cores at a height of 1,3 m 
above the ground. 

In 1942 InvEssaLo published a large report on the second national forest 
survey of Finland 1936—38. The material of pine increment cores from the 
whole of northern Finland (about 64°40’—70° n. Lat.) consists of 553 cores 
collected by various foresters. Thus, the material collected by the the present 
writer from a comparatively small area seems to be at least in some measure 
authoritative. Of the 553 increment cores mentioned above, 40 cores were 
taken in the north of Finland, in Enare parish immediately S of Utsjoki. 
Thanks to the kindness of Prof. Y. ILvEssaLo the author is permitted to use 
this material also for this paper. 

For the use of cross-sections instead of increment cores, cf. ERLANDSSON 
1936 and Orpinc 1941. As ILvEsSALO (1942) points out, however, critically 
collected and critically utilized material of dry increment cores can well be 
used in a statistical analysis of the radial growth of trees. 

There are ditferent methods of correcting age in radial growth analyses, 
cf. ERLANDSSON, l.c., ORDING, l.c., ErpEem 1943, NAsLUND 1944 and EKLUND 
1944. The striking feature in Table VII is the remarkable increase in radial 
growth in the last few decades (especially the old trees). The real influence 
of age on this increase in radial growth is, however, not easy to discover, as 
it varies in the diferent categories. Contrary to the majority of earlier writers 
I have (1945) only used a correction coefficient for the linear increase (regression) 
of the curves. Consequently, the influence of the favourable climate (see above 
p. 25) in the north in the last decades as well as the influence of age is elimi- 
nated. 

To arrive at the linear regression the following formulae have been used: 


£° 2 xy —n-Mx-: My 
V2x?—n- Mx?: YZ y?—n- My? 
where x is the series 1—50 = 1890—1939 and y the series in table VII. 


(1) . 


(2) b=tgq=—— 


where r ist the correlation coefficient obtained from (1) and x andy the 
di f £ (x — M)? ; er ei: 
ispersions of x and y —___‘_].6 is the tangent for the inclination 
n 


of the regression line. 

The inclinations or slopes ot the regression lines in the different age classes 
in Table VII are shown in Table VIII, including the periods 1890—1939 and 
1908—39. The later period has been used as the regular meteorological obser- 
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vations in Lapland begau in 1908 in Sodankyla and Enare. The calculations 
have all been worked out in the same way. The class interval = 7 = 
the amplitude in the series/10. Thus, in series 3 the highest rate of annual radial 
growth was 1,03 mm, the lowest 0,37 mm, the amplitude was 1,0:—0,37 = 
0,66 mm andi thus 0,66/10 =0,07 (for the period 1890—39). The intervals 
used therefore vary in many of the series, but the number of the classes used 
for the regression calculations are the same in all the series, viz. 10. 

The varying sizes of the class intervals show the influence of internal factors, 
more or less dependent on favourable exposure or favourable edaphic conditions 
and on age. The slope (inclination) of the regression line (tg a) shows not only 
the influence of age but also of the climatic period in general. 


. 


Table VIII. The inclination of the regression lines in the curves obtained from 
the rough material in table VII. 


ae: Period 1890—39 Period 1908—39 
Series = 
tga tga M (0,01 mm) 7 (0,01 mm) 
4 mes 0,088 114,8 13 
2 se 0,054 152,7 15 
3 0,035 0,089 69,7 6 
4 0,056 0,067 123,0 12 
5 0,065 0,004 157,3 12 
6 —0,036 0,050 166,8 12 
7 0,083 0,194 79,4 9 
8 0,065 0,105 144,5 14 
9 0,078 0,187 128,9 15 
10 0,106 0,166 116,4 13 
14 0,049 0,032 148,3 15 
12 0,118 0,168 72,2 9 
13 0,043 0,170 88,6 10 
vA 0,024 0,090 99,3 13 
15 0,035 0,137 98,4 12 
16 0,055 0,143 57,5 9 
47 0,023 0,109 98,4 12 
A8 0,014 0,197 90,5 9 
49 0,045 0,128 146,2 13 
20 | 0,088 0,136 134,7 1% 


lf 6 (formula 2) above only shows the influence of age, the older categories 
in Tables VII and VIII should have small values for 6 or negative values (the 
continuous increment of the growth stops fairly early in pines). It should also 
be remembered that the »age classes» in Tables VIland VIII only show the 
age at 1,3 m above the ground. Therefore, the high b-values in the older age 
classes in ‘Table VIII are very surprising, and must clearly be considered due 
to the influence of the climate (cf. the author’s paper 1945). 
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1890 1900 19.0 1920 1330 1940 


Diagram 2. The line of short dashes is the series A in table IX, which is reduced to tg a = 

+ 0 in the unbroken line, B in table IX. The curve shows distinctly the »bad period» 

in 1901—1916. The vertical lines give a very approximative idea of the changing quality 
of the irregular ripening years of the pine seed in the north. 


Thus, the influence of age and of very long climatic cycles can be separated 
from the influence of the annual variations which depend on the changes in 
climate from year to year. The influence of age and long climatic waves ts ex- 
pressed by b (tg a) in formula (2). The influence of the smaller climatic fluctua- 
tions from year to year is partly shown by the standard deviation (co). 

This »regression method» with the same number of classes used in the corre- 
lation and regression calculations shows, thus, rather clearly the susceptibility 
of the radial growth to the climate in critical periods such as the last few decades. 
The relatively high susceptibility of old trees in this respect is astonishing. 
This remarkable »rejuvenationy in the radial growth of the old pines at the 
timber-line seems to be caused by a fairly small increase in temperature, cf. 
the b-coefficients in Table [X. The secondary growth in height of old pines 
in the north, cf. AKERHIELM 1940, may, also be due to the same »rejuvenation» 
caused by the increase in temperature. It could also easily be seen by the 
looks of the tree-tops in some places in Inari and Utsjoki (cf. the author 1943). 

Re the »improvement» of the climate — until 1937? — see the statements 
of the meteorologists; cf. WAGNER 1940, KeERANEN 1942. See Fig. 4—11. 

Diagram 1 shows the standard series calculated from Table VII (1) and 
the reduced standard series (2, tg a =0,008), cf. Table IX. The standard 
series is reduced to b (= tg a) = +0 using the formula) 


(3) y = y, — [My + 6-1. (t_+,)] + 100 : 

where y, is the thickness of the annual ring in the year t in the preliminary 
. 1 

series (Table VII), tp = 25 = ee 7 is the class interval and My 


the average of the annual rings in the series. 


mys hey 


1) Developed by Dr. G. ELFvinc. 
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Table IX. The unreduced and reduced (to b = + 0; = B) standard series 
based on 148 samples of different age classes 1890—39. 


A B a B 
~—o 
1890 122 139 1915 102 102 
1891 107 123 1916 113 112 
1892 75 91 1917 99 98 
1893 68 83 1918 112 110 
1894 83 oF 19419 113 110 
1895 93 106 1920 120 417 
1896 102 115 1924 116 112 
1897 104 113 1922 132 127 
1898 130 141 1923 133 128 
1899 113 | 124 | 1924 142 136 
1900 78 88 1925 151 144 
1901 118 128 1926 124 114 
1902 70 ao 1927 136 128 
1903 52 60 1928 100 91 
1904 62 69 1929 88 79 
1905 62 69 1930 135 125 
1906 65 74 19314 119 108 
1907 65 70 1932 105 94 
1908 76 81 1933 141 99 
1909 60 64 1934 134 119 
1910 54 58 1935 104 88 
1911 63 66 1936 88 74 
1912 87 89 1937 127 112 
1913 90 94 1938 107 92 
1914 95 96 1939 97 84 


The 40 increment cores from the second national forest survey in northern- 
most Finland, see above, were examined in the same way as my own series. 
The inclination of the regression line was in these series entirely positive, 
especially in comparison with the whole series for northern Finland by I1ves- 
saLo 1942, see Table X. 


NAstLuND has shown (1944, p. 30—31) that the radial growth of the spruce 
in different forest types situated near each other is surprisingly uniform. 
He has also shown that the radial growth at different altitudes is fairly uni- 
form. EKLUND (1944, p. 212) shows very clearly that the correlation coeffi- 
cients, in comparing different age classes, are remarkably high, r = 0,81:— 
0,03 (+ 0,02). 

Nevertheless, there are variations in the influence of age, diameter and 
forest-types between series obtained from different places and by different 
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authors. To combine such growth series the author recommends the following 
principles: 

a. Using tormulae (1) and (2) the b-coefficient is found. 

b. Using formula (3) the series in question are reduced to b= + 0. The 
average size of the annual radial growth in every series is 100. This allows 
us to use series of different age classes for comparison. 

c. In combining such series we have to use the same period and the same 
number of »classes» (= 10), see above, in the correlation calculations. 

In accordance with the principles expressed above, the author will here 
compare 11 series from different parts ot northern Fennoscandia. The 6 and 
o-values of the series are counted in table X. The same series, as corrected 
and reduced to b = -- 0, are given in table XI. The primary material is as 


follows: 


Table X. The inclination of the regression lines (tga) in 11 pine series from 
different parts of northern Fennoscandia, 1890—31.) 


Averase annual Clasd interval 
Series ring (0,01 mm) tga | oO 
(0,01 mm) 

a. 66,3 6 —0,086 15,0 
b. 101,8 Z 0,019 . 26,8 
Cc: 73,5 5 0,009 14,0 
d. 81,9 8 0,040 24,8 
e. 71,8 6 0,009 18,6 
i. 94,0 10 0,085 29,0 
g. 101,8 : Be | 0,088 30,8 
h. 95,8 10 0,096 30,1 
A 38,6 6 0,456 17,4 
B 49,4 7 0,126 19,4 
Cc 48,0 7 0,095 | 16,8 


*) In Table X the Enare-material of the second national forest survey, men- 
tioned above, p. 36, is reproduced. The material consists of 40 increment cores 
only and and is divided into three series: 

A containing 13 samples, the northernmost material of the national forest 
survey, of pines on Empetrum-Cladina and Empetrum-Myrtillus forest types, 
the age ranging between 134—365 +. (For the number of annual rings at the 
height of 1,3 m above the ground see above!) 

B containing 10 samples without age specification on the original formulas, 
of pines on dry ground like the A-material above, from the taxation lines 7—8 
see Map 6, in Enare and i 

C. containing 17 samples from the 9th taxation line in Enare, age 134—224 + 
(= the number of annual rings at DBH). 
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a. ILVESSALO 1942, p. 347: 553 increment cores from the whole of northern 
Finland. 6. The same material as above, corrected by EkKLunpD 1944, p. 203. 
c. Cross-sections of 23 trees from Abisko in northern Sweden, about 68°20’ 
n. Lat., ERLANDSSON 1936, p. 105. d. Cross-sections of 23 trees from Kare- 
suando, the same latitude as c, ERLANDSSON, lL.c., p. 107. e. Cross-sections 
of 264 trees trom Kiruna, about 67°55’ n. Lat., ERLANDSSON, Lc., p. 106. 
/. Cross-sections of 15 trees from Sérfold, Norway, about 67°38’ n. Lat., ORDING 
1941, p. 153 and 156. g. Cross-sections of 12 trees from Steigen, Norway, about 
67°51’ n. Lat., AANDSTAD 1938, ORDING 1941, p. 191 and 194. h. 148 increment 
cores from Utsjoki, see above. Re the situation of the localities mentioned 
above and their relation to the forest-limit, see Map 6. 

Because the series of ERLANDSSON (c—e) do not go farther than 1931 the 
period 1890—1931 (42 years) is used in Table XI. In Table XII the correlation 
coefticients are given. Compare Diagram 3. 


Map 6. Sketch map of localities mentioned in the comparison of dendrochronological 

material from different parts of northern Fennoscandia. S6 = Sérfold, G = Grodalen, 

Ku = Kuovhonvuopio near Abisko, No = Nokutusvaara near Kiruna, Ka = Kare- 

suando, So = Sodankyla, I = Inari (Enare) and U = Utsjoki. The estimation lines 
jJ—9 are mentioned on p. 40. 


42 I. Hustich, The Scotch pine in northernmost Finland 


Table XI. The reduced series (inclination of the regression line + 0) of Table IX. 


1890 118 421 4414 | 123 427 111 102 145 
1894 141 113 441 122 419 113 91 129 
| 41892 97 96 91 84 96 96 88 96 
| 1893 100 100 94 96 95 105 105 88 
1894 102 102 113 119 103 110 116 102 
1895 105 107 116 116 111 124 131 111 
1896 113 417 112 119 415 129 134 119 
1897 105 107 105 92 101 122 120 447 
1898 113 118 120 107 412 116 134 145 
1899 100 101 106 102 108 103 85 427 
1900 92 92 85 71 81 98 70 94 
1901 102 104 119 107 114 419 95 130 
1902 87 83 100 85 | 96 90 75 81 
1903 78 72 75 55 73 87 61 62 
1904 | 85 82 79 73 76 77 68 74 
1905 87 84 94 87 84 83 70 70 
1906 93 92 94 85 82 82 88 72 
1907 88 84 96 85 86 84 98 74 
1908 94 93 108 105 105 84 123 81 
1909 90 87 96 105 94 70 76 64 
1910 83 IF 90 81 89 66 75 57 
1911 87 82 89 82 91 74 89 65 
1912 97 96 103 105 107 92 106 88 
1913 96 96 97 104 100 102 103 90 
1914 1038 106 97 110 107 107 110 94 
1915 140 116 106 115 117 98 427 100 
1916 105 108 1038 112 118 99 127 110 
1917 99 98 96 101 109 84 134 95 
1918 93 90 106 114 115 106 129 107 
1919 95 92 100 106 116 112 124 107 
1920 99 99 103 105 105 425 134 113 
1921 111 118 97 101 100 94 123 108 
1922 123 135 110 115 115 109 146 * 423 
1923 120 132 107 113 114 76 100 123 
1924 113 120 110 110 100 90 109 134 
1925 113 121 4241 123 112 1038 92 139 
1926 | 96 92 103 100 101 89 74 108 
1927 102 101 109 105 103 103 90 | 128 
1928 90 82 96 67 70 97 64 86 
1929 93 86 85 70 74 110 90 a3 
1930 105 106 123 114 113 141 417 419 
1931 94 86 98 96 79 127 46 102 
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Table XII. Correlation coefficients for radial growth series from different parts 
of northern Fennoscandia, see p. 41. 


a. Northern Finland. (Ilvessalo)/Utsjoki .................. r= 0,83 + 0,05 
b. Northern Finland (Eklund)/Utsjoki ...................... 0,80 + 0,05 
Re ey ES Kt Be Res is an Go x ica 4s aun wade wie id nea snner (0:88.42. 0,05 
og USE CRAEESETES Ce NLS G's eh) A a 0,75 + 0,07 
MOE CMO EGIORT Oe gnew anes sth cle csr ee team d cee es corse 0,7 4 OOF 
Sern NOLWayy/DtSjORt bse e 005s. Pee Pek eek. 0,63 20,09 
Beceiven, Notway/Utsjolki) (yous e..iied eed el) acktine ed) O46 4049 
Beeiarce Lyecsalo, A)/Utsjoki ©... 4.0) 65 «0 dena sin orev covey s wlele 0,88 + 0,04 
Be) ESO Ae ar esis suptt so: PF siec¥ ais wis citnlnvags seen .0,90 + 0,05 
MERC PACS LET ESTO UMS cnet te tcf <io8g'4.s onatovere ies Hone oS ara Bind e-nfe, wis 0,88 + 0,04 


The coefficients in Table XII are fairly high (a—e) and illustrate the im- 
portance of correcting the series by using the regression method. The high 
values of the coefficients allow us to presume that the variations in the climate 
are fairly similar all over the continental part of northern Scandinavia. The low 
coefficients ([—g) between the series from the Norwegian coast and the series 
from Utsjoki are not surprising, as the climatic type on the Norwegian coast 
is different and more maritime than central Lapland. In combining radial 
growth series from distant places (for instance, from other continents) we 
must use great care, as shown by this example. 


In his paper »Dendrochronology in Alaska» GIDDINGS presents some radial 
growth series of Alaska spruces (Picea canadensis Mill. and Picea mariana Mill.?) 
from the Alaska Range, White Mountains, and other mountain sites of the 
timber-line (tables 3 and 4 in GIDDINGS 1941) and from the coastal sites (tables 
5 and 6, l.c.). I have tried to correlate these series with series of Picea excelsa 
taken from Norway (ORDING 1941, p. 182). The correlation between the Alaska 
coast series (table 5 by GIDDINGs l.c.) and the Norway coast series was r = —36, 
and the correlation between the Alaska mountain series (table 3 by GIDDINGs) 
and the same Norwegian series r = —23 (48 years, 1890—1937). Using the 
Pinus silvestris-series from the Norwegian coast (ORDING L.c., p. 155) the correla- 
tion with the Alaska mountain series is r=14. The correlation between the above 
mentioned Alaska mountain series and my Utsjoki-series was r = —18 (table 3 
in GIpDINGs l.c.) and 16 (table 4 in GIDDINGsS l.c.). Thus, the correlation between 
the Alaska series and the Scandinavian series seems to be non-existent, which is, 
of course, not surprising. Compare the statements by GLOCK 1941. 

(The correlation coefficient for the relation: Alaska mountain series/Alaska 
coast series (table 3/5 in GIDDINGS) is according to my calculations fairly good, 
to 54.) 


Between growth series of the same type of climate the correlation coeffi- 
cients are, however, high. Thus, even a smaller, but carefully applied material 
gives a picture of the fluctuations in the radial growth of a fairly large area.. 

The above Diagrams and tables illustrate the »low period» or the decrease 
in the radial growth of the timber-line pine in 1901—16. They also illustrate 
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the increase in the growth during the last decades, especially in the 1920's. 
This increase is verified by observations made at meteorological stations. 
Thus, for the period 1908—39 tg a for the July temperature in Oulu (Ulea- 
borg) is 0,022, in Sodankyla 0,031 and in Enare0,o60. For the June temperature 
the corresponding values are (0.028, 0,035 and 0,033, for the August temperature 
0,072, 0,092 and 0,084. These values are comparatively high, especially those for 
August. Note also the increase in the tg a-coefficient from south to north. 
The tg a-coefficients of the temperature-series, however, do not reach the 
same value as the same coefticients of the radial growth-series. A small increase 
in temperature can thus have a great effect upon growth. We already noticed 
the exaggerated influence of exceptionally tavourable years, especially on older 
trees, see above. The relations between growth and climate, between forest 
evolution and climatic fluctuations are thus perhaps not so direct as we usually 
believe. 

The ordinary and easily ascertainable mean temperature of July seems still 
to be the best climatic indicator for the radial growth of the pine at the timber- 
line. The July temperature reflects the local character of the northern climate 
better than other indicators. For instance, the correlation coefficients between 
the mean temperatures during the summer months in Oulu (UleAborg) and 
Enare 1908—37 are the following: June, r = 0,83 + 0,06, July, r = 0,79 + 0,07 


1890 1900 1910 1920 1930 


Diagram 3, Synthesis of 5 radial growth series from northern Sweden and northern Fin- 
land, according to ERLANDSSON 1936 (from Abisko, Karesuando and Kiruna), p. 105— 
107, ILVESSALO 1942, p. 347 and (the same series as by ILVEssALo corrected in different 
ways by) EKLUND 1944, p. 203. Those 5 series are melted together in the grey zone in the 
Diagram. Before being used the series have been reduced to tga =- 0, compare table 
XI. The dashed line shows the Utsjoki series, reduced in the same way for the same 
period 1890—1931 (ERLANDSSONS series go to 1931). The »bad period» is evident in the 
Diagram, but especially the positive period 1916—1927. In 0,01 mm. 
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and August 0,81 + 0,05. Thus, the July temperature shows the slightest correla- 
tion coefficient, which means that this »indicator» in some measure shows the 
local climate more clearly than the other indicators mentioned. Thanks to 
the short summer in the far north, the July mean temperature almost coincides 
with the number of days with temperatures extremely favourable for growth. 

The distance between the river valleys in Utsjoki, where the material 
used above was collected, and the meteorological stations in northern Lapland, 
is too great to admit of any conclusions being drawn regarding the extent of 


Table XIII. The correlation between some climatic indicators and radial growth, 
according a) to ERLANDSSON 1936 and b) to HusTICH-ELFVING 1944. 


a) Karesuando temper. VI/ radial growth of Karesuando pine 0,29 + 0,13 
» » VII/ a | 0,70 + 0,07 

» » VIII/ —)— 0,24 + 0,13 

» » VI-VIII/ —)— _ 0,65 + 0,08 

» maximum temp. >-+ 19°/ —)— 0,60 + 0,09 

» » » >-+ 48°/ —)j— 0,59 + 0,10 

rainfall VI—IX/ ee —0,19 + 0,13 

b) Sodankyla temper. VI/ radial growth of Utsjoki pine 0,14 + 0,17 
| » » VII/ —)— 0,54 + 0,12 
» » VIII/ ps 0,31 + 0,16 

» rainfall VI/ 9p 0,08 + 0,17 

» » VII/ —)— —0,24 + 0,16 

» » VIII/ —)— —0,08 + 0,17 


Table XIV. The correlation between the series in Table VII and IX and the 
average July temperature in Sodankyla and Enare. 


Series Nr. Sodankyla Enare Series Nr. Sodankyla Enare | 
u 0,44 0,33 12 0,43 0,38 
2 0,51 0,43 13 0,55 0,48 
3 0,58 0,50 14 0,49 0,42 
4 0,50 0,45 15 0,67 0,64 
5 0,55 0,53 16 0,56 0,51 
6 0,47 0,46 17 0,46 0,44 
a 0,49 0,40 18 0,52 0,50 
8 0,66 0,59 19 0,56 0,64 
9 0,50 0,48 20 0,40 0,32 

10 0,55 0,47 lsc, 38) 0,59 0,52 
14 0,60 = | 0,50 — || 


The standard error coefficients above vary between + 0,09 (Sodankyla, series Nr. 15) 
and + 0,16 (Enare, series Nr. 20). 
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the intluence of the climate upon growth. The highest correlation coefficient 
was obtained between the mean temperature of July in Sodankyla and the 
radial growth series 15 (Table VII) from Utsjoki, r = 0,67 (for Enare r = 0,61). 
ERLANDSSON (1936) has obtained somewhat higher coefficients, ct. Table 
XIII and XIV. The radial growth of the pine is, however, not a simple con- 
sequence of the temperature of the summer months in which the annual ring 
in question is formed. The correlation between the radial growth and the 
mean July temperature is fairly good, but the following factors must also be 
considered (see the author’s papers 1944 and 1945 re the lag in the radial 
growth): 

1. The temperature during the previous year, i.e. the amount of reserve 
nourishment stored which influences the radial growth ot the present year. 

2. The assimilation area or leaf surface, i.e. in the case of the pine the 
length and amount of needles (the variations from year to year were shown 
above). 

3. The tormation or ripening of the fruit. »Abundant production of seeds 
causes a reduction of the radial growth during the seed year ... The probable 
cause of the reduction is that the nutrients, in the first place, are used for the 
production of fruits, so that the cambial initials are inadequately nourished» 
(ANTEVS 1925, p. 124). This sounds logical but the statement has not yet 
been sufficiently demonstrated or proved. In regions where the climatic in- 
fluence is not extreme the pine seed years are very regularly recurrent. This 
causes perhaps a periodic reduction of nutrients, which would otherwise be 
used for radial growth. Re the correlation between different kinds of growth 
in pines and the formation of cones, see below. 

Using different combinations of climatic indicators (temperature of the 
present and previous summer months, rainfall in the summer, solar radiation 
and the approximate quality of »ripening years», see HustrcH 1945), somewhat 
higher coefficients than those above mentioned were obtained, up to r = 
0,65 + 0,1. 

The negative or indifferent effect of the precipitation on the growth of 
the Scotch pine in the North is clear, according to ia. ERLANDSSON 1936. 
The influence of the solar radiation is not easy to discover. The influence of 
the ripening of the cone on radial growth is easier to ascertain farther south, 
cf. TovstToLEs (4938). 

Compare also investigations by WaLLEN 1917 and Kormopin 1935. 

In HUSTICH-ELFVING 1944, p. 12 Dr. ELFVING made an interesting regres- 
sion analysis using the material in table VII above. Using the formula 
(4) Ko Day By + Bog eg in ee Oe 


he obtained for X, = the standard series in table IX, A, the following regression 
equation 
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Xo = 1,00 + 0,014 (T6—11,2°) + 0,070 (T7—15° + 0,051 (T8—11,7°) + 0,0032 
(N6—56,1 mm) + —0,0011 (N7—68,8 mm) + 0,0000 (N8—60,3 mm) 


where I6—T8 are the temperature series for June—August and N6—N8 the 
precipitation series for June—August. Re the development of the interesting 
analysis, cf. the above-mentioned paper, p. 12—14. 

Also the »Nachwirkung» or the lag in the radial growth was analysed by 
Dr. ELFVING in our paper mentioned above. A comparison between the climate 
and growth series, shows that the poorest radial growth usually takes place 
the year following a really unfavourable simmer. Dr ELrvincs method of 
analysing the »lag» is perhaps of interest also for growth analyses of other 
kinds. The lag exists also in the series in table VII, but its influence is, as 
Dr. Exrvinc has shown (l.c., p. 16) not very great. 


* 


To check the values obtained above for the radial growth of pines at the 
timber-line in Utsjoki the author collected in July 1945 a material of 106 
increment cores from trees of about the same size on the same forest sites 
and of the same forest types as those mentioned above, p. 33. A material of 
66 increment cores, excluding younger trees than those of the age class 50 
(at DBH) was selected and is shown in table XV. The correlation coefficients 
of those series compared with the standard series (= s below) in Table IX (A) 
are as follows (period 1890—1939): 


Series XV,1/s tr = 0,88 Series X'V,6/s r= 0,81 


» 2/s 0,86 » 7/s 0,77 
» 3/s 0,553) » 1—7/s Dei 
» 4/s 0,89 » Pulmanki/s 0,86 
» 5/s 0,81 


The correlation between the material in table XV and the material pre- 
viously collected is astonishingly high. This is especially the case with the 
correlation (0,91 + 0,024) between the series 1—7 (58 increment cores) in Table 
XV and the standard series, and proves that the material of the 148 increment 
cores in Table VII gives a fairly good picture of the general growth conditions 
and variations in 1890—1939 in Utsjoki. The Pulmanki series in table XV 
is very small (8 cores) but significative, r = 0,86 + 0,036. This material is from 
the isolated pine forest on the south side of Lake Pulmanki (Polmak) in the 
north-eastern corner of Finland, one of the northernmost pine forests in 
Europe. The series in Table XV are not reduced to tg a =-L 0, the material 
is the average of ordinary measurements. 


1) The low correlation between XV, 3 and the standard series (r= 0,55 
+ 0,10) is due to the fact that 1) there are only 3 increment cores in series XV, 3 
and 2) the radial class compared with the age class is too small, owing to the 
extraordinarily poor growth of those three trees. 
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Table XV. Radial growth series from Utsjoki and Pulmanki 1945. 


Year | 1 2 3 4 5 eat Rate 1—7 | Pulm. 
ee ee ee 
1890 101 | 152 co | 145 | 174 | 126 | 154 | 184 | 100 
1891 115 | 144 53 | 126 | 127 | 142 | 143 | 4418 96 
1892 81 | 103 40 84 80 66 84 77 74 
1893 72 | 104 43 84 82 70 90 78 86 
1894 99 | 114 50 96 | 100 78 | 104 91 | 4105 
1895 99 | 4125 43 | 410 | 102 76 | 4107 95 | 100 
1896 85 | 124 40 | 448 | 4107 go | 120 96 9% 
1897 g2 | 129 37 | 102 | 100 1% | 146 91 89 
1898 102 | 164 97 | 4143 | 135 | 144 | 474 | 429 | 144 
1899 101 | 160 63 | 124 | 4147 34 | 127 | 144 | 106 
1900 77, | 4144 60 84 77 68 81 77 80 
1904 11% | 174 gs | 134 | 142 | 122 | 151 | 134 98 
1902 68 | 106 67 97 | 105 70 99 85 20 
1903 54 76 67 54 20 40 59 60 57 
1904 52 | 104 73 86 | 115 68 97 85 60 
1905 69 | 109 40 84 92 60 | 106 80 56 
1906 80 | 125 47 85 | 107 92 | 107 89 50 
1907 70 | 4120 40 82 97 62 99 81 59 
1908 80 | 137 73 97 | 442 g2 | 127 | 104 73 
1909 63 | 106 47 15 77 68 96 16 63 
1910 60 94 47 57 55 48 69 64 45 
1944 73 | 100 53 61 60 52 77 68 56 
1912 86 | 125 53 89 | 145 g2 | 103 93 65 
1913 90 | 125 53 90 | 107 70 99 89 oT 
1944 104 | 144 63 | 100 | 417 66 | 100 99 70 
1915 104 | 152 63 | 102 | 4132 g2 | 114 | 107 29 
1916 113 | 161 60 | 108 | 4122 7% | 124 | 109 89 
1917 91 | 449 47 94 | 100 72 | 104 94 86 
1918 107 | 152 47 | 100 97 7% | 120 | 100 | 105 
1919 116 | 159 53 | 104 | 4112 72 | 120 91 90 
1920 421 | 154 60 | 4108 | 110 84 | 131 | 140 | 423 
1921 123 | 154 73 | 108 | 142 90 | 4114 | 104 | 105 
1922 122 | 162 77 | 119 | 447 | 104 | 423 | 122 | 104 
1923 140 | 154 go | 126 | 152 | 118 | 137 | 129 | 403 
1924 156 | 179 so | 133 | 187 | 144 | 450 | 4143 | 425 
1925 166 | 185 87 | 144 | 167 | 4138 | 449 | 447 |. 146 
1926 126 | 170 70 | 113 | 447 | 444 | 423 | 449 | 420 
1927 134 | 4180 70 | 126 | 4132 | 112 | 139 | 427 | 454 
1928 98 | 134 70 90 | 105 90 99 98 | 107 
1929 14 | 445 73 73 95 7h 79 83 80 
1930 126 | 144 90 | 120 | 142 | 116 | 4127 | 423 | 495 
1934 141 | 164 93 | 110 | 140 | 416 | 4134 | 423 | 4100 
1932 96 | 150 83 | 107 | 128 | 148 | 414 | 444 80 
1933 97 | 148 s3 | 144 | 122 | 100 | 129 | 413 | 4104 
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Year 1 2 3 4 5 6 I 1—7 | Pulm. 
1934 £23; 149 87 4133 157 130 166 135 114 
1935 103 130 90 102 107 104 Aa 108 116 
1936 90 101 90 89 102 84 91 92 94 
1937 23 138 107 44 152 124 429 126 123 
1938 103 114 83 94 125 84 103 101 114 
1939 108 106 87 94 125 82 106 101 96 
1940 ae 116 73 79 95 68 76 83 93 
1941 126 130 103 110 145 96 136 121 124 
| 1942 118 118 87 93 115 72 104 1014 109 
1943 113 417 70 83 105 78 109 95 110 
1944 108 116 67 90 107 70 114 96 116 
Increment 
ROLES e5.6jsj1s 9 8 3 yay 4 5 7 58 8 
Age class 54— 54—| 101—/} 101—| 101—| 126—| 126— 51— 72— 
100 100 425 125 125 150 150 150 185 
Radial 
ClASS <. 20: 54—} 101— 54 104 151 101 1514 54 70— 
100 150 100 150 200 150 200 200 135 


The regression coefficient for the »new» Utsjoki series (=1—7 in Table 
XV) is tg a=0,065 (period 1890—1939; M=102,1, 1 =9 ando =20,7). Tg 
a for the standard series in Table IX, A, was 0,068. The resemblance is 
striking. 

In the new series we find that the average for the years 1940—44 is 
0,99 mm, the average of the 5 years before (1935—39) 1,05 mm. A small 
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Diagram 4. To check the value of the standard series (see Diagram 2) the »new» Utsjoki- 
series (p. 47) is marked with a line of dashes on the same Diagram. a = the standard 
series, b is the »new» series collected 1945. The resemblance is good. 
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decrease in the size of the annual rings is thus to be seen in the years, 1940 
44, Diagram 4 shows the new Utsjoki series compared with the standard 
series (IX, A). 


The influence of the climatic cycle on the growth at the polar timber- 
line in 1890—1944 seems to be satisfactorily shown in diagram 4. A compari- 
son with growth series of pine from other parts of Fennoscandia shows that 
this climatic development, shown in diagram 3 and 4, seems to be, at least 
to some degree, the same everywhere in the continental parts of Fenno- 
scandia. 

The standard deviation (o) varies in the different series. But the variation 
coefficient (= %o/M) is of more interest. It shows how much the annual 
variations in the radial growth ditfer from the average radial growth of the 
series in question. 

In the 20 series mentioned in Table VII, the variation coefficient in 50 
years (1890—1939) varies from 18 % to 34 % (average 25 %). For the stan- 
dard series the variation coefficient is the same, viz. 25 %. 

For series from northern Sweden (ERLANDSSON 1936) mentioned above, 
the variation coefficient is 19%, 30 % and 26 % (series c—e in table X), 
on an average 25%. For series from northern Norway (Table X, f—g), the 
variation coefficient is 30 % and 31 % respectively. 

For the series A—C in Table X (the 40 increment cores obtained by the 
second national forest survey from Enare) the variation coefficients are very 
high: 43 %, 39% and 35 % respectively. The variation coefficient in the 
series from Pulmanki (Table XV, Pulm.) is 25°% and for the »new» Utsjoki 
series (table XV) 20 %. 

Thus, 25—30 9% seems to be the average for the variation coefficient in 
northern Fennoscandia in the period 1890—1939, showing that the annual 
fluctuations in the climate are easier to be seen in the growth phenomena in 
northern countries. I should like to call this variation coefficient the climatic 
hazard coefficient for the growth (1947). It increases from south to north. 

Using the material collected during the second national forest survey 
(InvEssaLo 1942) the author has obtained the tollowing climatic hazard 


coefficients tor growth in thickness of pine and spruce in southern’ and northern 
Finland: 


Southern Finland Northern Finland 


M % o/M M % o/M 
(0,04 mm) (0,01 mm) 
PASO AS Rota Pe, A 103,6 18 2 23 


Spruce th0g n.d ae 119,0 12 71,5 20 
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The value for northern Finland, including here the country north ot 65° N, 
fairly well coincides with the value 25—30 °% obtained by the author for the 
northernmost series of tree growth. 

The author also obtained a climatic hazard coefficient of the same size (26 %) 
for a crop series (rye) from northern Finland (cf. Husticu 1947). In southern 
Finland the climatic hazard coefficient is lower, about 11—15 %, (l.c.). 


VII. The flowering of the pine at the forest-limit. 


It is not easy to discover a decrease in the flowering intensity on higher 
latitudes. The flowering intensity at the forest-limit is fairly high, whereas 
the formation of valuable seeds is very irregular. 

RENVALL has studied more closely the distribution of male and female 
flowering (1914, p. 83, 93, 110, 119 etc.) in different stages of one single pine 
and reaches i.a. the following conclusions: The intensity of flowering is inversely 
related to the age or the order of the branch. The main branch and the primary 
branch have always a higher tendency to female flowering. The male flowering 
is of relatively higher intensity the older the branches are. Between the »flower 
quality», the length of the annual shoot and the length of the needles there - 
is no real connection, which, according to RENVALL, means that the flowering 
does not seem to depend on the annual variations of the assimilation area. 


Of 475 pines examined by the author in 1939 at the forest-limit, only 
10 % seem to have been »steriley in 1939. Of these 475 trees 417 had male 
inflorescences, 245 of those showing »rich male flowering». Of 441 pines more 
closely investigated in 1939, 365 trees had female inflorescences in 1938 (the 
great flowering year in the north). Of 122 trees occasionally investigated in 
1940, 114 trees had cones developed from the 1938-flowering, 79 ot these 122 
trees had female inflorescences in 1939 and 83 trees in 1940. Of 26 closely 
investigated trees in April 1941 in Utsjoki, in the absolute periphery of the 
pine-limit, 25 trees carried cones from 1938, 18 from 1939 and 10 female in- 
florescences 1940. Many hundreds of cones of the flowering year 1938 could 
in 1940 be seen also on solitary small pines at the forest-limit. As far as 
the author knows, there seems to have been no years without flowering at the 
pine-limit. But in 1938 the flowering intensity was uncommonly rich. The 
»Equisetiformisy-pines (cf. RENVALL 1912, p. 16), which usually have male 
inflorescences only year after year, suddenly showed female inflorescences 
in 1938. The reason was the favourable summer of 1937. Annual shoots with 
both 9- and g-inflorescences were more common in 1938 than in many earlier 


years. See Fig. 5. 
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One feature characteristic of the pine at the timber line 1s the irregular flower 
succession on the branches (Hus‘t1cH 1940). The influence of the interior factors 
on the growth and flowering of the pine is more prominent in regions where 
the climatic variations are less pronounced than at the forest-limit. But at 
the forest-limit, the flowering »rhythm» depends entirely on the climate in 
the summer. This conclusion seems natural when examining the alternation 
of 9- and g-inflorescences in single branches. Of course, sometimes one may 
find that one single pine branch has female inflorescences 13 successive years, 
but usually 9- and 3-inflorescences alternate and the character of the alternation 
shows clearly the influence of the climate. In the flowering, thus, the same yover- 
accentuated climatic effecty described above in radial growth, will be noted. 

Table XV shows the alternation of male and female inflorescences and of 
»steriley shoots on pines at the forest-limit in Utsjoki. The material comprises 
160 branches (1940). On each branch the quality of the flowering was noted 
each year 1934—1940. Below the annotations are worked out so as to show 
the changes from year to year. Only branches which had inflorescenses in at 
least one of the years 1934—40 are included. The expression »change of flo- 
wering quality» in Table XVI shows the 16 different ways in which the flowering 
quality may change on one single branch from year to year. 


Table XV. The flowering succession on 160 branches of pines in Utsjoki. 


Change of flowering : 
quality 1934—35/1935—36)|1936—37/1937—38/1938—39 1939—40) Number 
| 
roe tee 22 5 3 30 36 23 119 
O° 2, ie Meer ere 3 = a 2 4 2 8 
Ot syte ene 3 43 2 44 22 118 
ig eT ed ee wi 2 — _ 9 1 12 
Or Oe es aaiatras eee — -- a 1 4 — 5 
PO Se Gh we canameehie iatts — —- — — 3 4 Z 
ead aati: Worth a — 4 = a 7 2 13 
Oe aa An) aaa De = 6 aod wo 4 2 12 
SS PEA. Seok 2 = 4 6 _ 3 15 
Fg he ee ee 4 _ = 5 2 3 14 
Sir IGM ehea ween, 46 21 49 14 24 28 152 
LS ee 2 42 9 2 3 8 66 
ah same Ser ett eta 26 = 33 49 10 13 134 
SOS tata aaeeeee 3 -- 1 14 2 9 26 
SH Pan ewchheas eed 47 4 8 16 2 12 59 
SIS sch tuwdanucpwotsigm 32 33 84 17 12 28 203 


Note. 93 means 9- and g-inflorescences on the 
same annual shoot. s= 
the year in question. ‘” Cane 
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The following change of the flowering quality is below termed Positive: 
Oe 4a \¢ > 9o)re—e, 59d, Sd, 
while the following succession is regarded as negative: 


Ven o ds (26 > 9), Od +s) 95,5 =s. 


Table XVI gives a summary of Table XII, showing the relation between 
the different years with regard to positive or negative changes in flowering 
quality. 


Table XVI. The change in flowering quality on 160 branches of pine. 


Change in flowering 
; /4934—35)1935—36]1936—37/1937—38|1938—39/1939—40| Number 
quality 
POST ERVC pais sisionisises 55 vA 46 89 iY) | 42 253 
negative ............ 5 97 14 10 68 | 35 226 
Staple, wrecsoceecsesee 100 59 103 64 75 | 83 481 


The relation between stability and change of flowering quality is, according 
to Table XVI about 1:1 (481/479), a relation which may be due to a single 
change. Also the relation between negative and positive changes in the flowering 
quality is about 1:4 (226/253), as also between male and female inflorescences 
(345/351). 

The higher or lower summer temperature in the previous year results in 
positive or negative changes in the flowering quality. Tables XV and XVI 
show clearly that 1936 and 1939 were years with »negative» flowering, 1935 
and 1938 years of positive flowering. Note the wealth of female inflorescences 


Table XVII. The flowering of the pine at the forest-limit in 1934—40. 
(Annotations of 1940.) 


a b 
g re Bile s 9 ee KS 

OB Secon 28 54 — 78 28 54 78 
BOBS scatnes 50 63 10 CW) 60 73 ay) 
OR Celera saat 5 32 — 123 5 32 123 
1h sarees 39 27 1 93 40 28 93 
IOS) “Sonn 87 29 18 26 105 47 26 
IS es Gr cee 48 42 8 62 56 50 62 
UOAO aiitecs 39 43 18 60 57 61 60 

296 290 | 55 | 479 | 354 | 345 479 


Note. The 9¢-inflorescenses are in b included in the columns of 9 and @. 
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in 1938. Table XVII shows the fact in a simpler way. As it includes some 
extreme years this table is ot another and, possibly, of a more typical character 
than the tables compiled by RENVALL (lL.c.). 


* 


During the summer of 1945 the author made some complementary notes on 
the flowering of the pine. It is difficult to go further back than 8—10 years 
in counting the flowering quality, the marks of the d-inflorescences being 
difficult to notice. The material in Table XV consists of 65 branches on different 


Table XVIII. The flowering quality on 65 branches of pines at the forest-limit 
1935—44 (Annotations of 1945). 


Flowering | 
aera 1944 | 1943 | 1942 | 1941 | 1940 | 1939 | 1938 | 1937 | 1936 | 1935 

SS aoe eee 1 ~ 4 — = — 2 | | 
nee ok: Sn os% x 2 3 guef eee oe 
To, eo 20 16 20 7 19 23 19 6 | 29 
1 Pel mreriontt it, — 7 = 1 1 
AOR sae Ae ot — 1 =: a = = 
i ae Fs 8 18 7 13 9 3 2 — se 
ea es 26 44 6 54 30 28 34 28 5 


Table XIX is arranged similary to Table XVII using the material in 
Table XVIII. 


Table XIX. The flowering of the pine at the forest-limit 1935—44 (notes made 


in 1945). 
a b 
9 3 98 s 9g 3 s 
TO ames 35 se — — 35 — — 
193 6 eeenans 6 —- -— _ 6 — - 
VOB Se scws 18 2 — 34 18 2 34 
AEBS i besa 46 3 3 9 49 6 9 
1989 ene 26 9 1 28 27 10 28 : 
UGG wee rat 13 1 30 22 14 30 
TO Gd e le itir.c ‘| 7 — 541 7 y at 
VG. ots tite 33 18 8 6 41 26 6 
NOG skeee 16 8 41 16 8 41 
O08 Ghee 26 y 6 26 32 13 26 


‘ Note. As we see, the values for 1935—37 in Table XIX must be uncertane 
The difference between $-flowering and »sterile» shoots can hardly be distin- 
guished with certainty more than 8—10 years back. 
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pines. It is published here for the control of the Tables XV—XVII. The sign 
9% indicates that there were 3 9-inflorescences on the same annual shoot, the 
sign 9 2 9-inflorescences etc. ¢ 9? indicates that the annual shoot in question 
showed besides the g-inflorescence two 9-intlorescences. Branches sterile during 
the whole of the period 1935—44 are not included in Table XV. 

Table XIX clearly shows that 1938 was the great flowering year in the last 
decade. ‘Table XIX confirms the fact that 1935 was a good and 1936 a poor 
flowering year. 1942 seems to have been a very good flowering year at the 
forest-limit, according to Table XIX. 1935, 19388 and 1942 are prominent 
maximum years not only in flowering intensity, but also, as Table IV shows, 
with regard to the growth in length of the annual shoots. This direct correlation 
between flowering and growth in length is interesting. 

The two series, Tables XVII and XIX, can be combined using in both 
series the same maximum 9-flowering intensity, 1938 =100. We then obtain 
the following, comparatively correct estimation of the flowering intensity in the 
period 1934—44 at the forest-limit in Utsjoki (a is the series in Table XVII, 
b is Table XIX): 


1934 1935 1936 1937: 1938 1939 1940 1941 1942 1943 41944 


a. 26 57 h LPR AACS en 
b. (23) (71) (42) 35 100 55 45 144 84 32 64 


The series show that as far as the flowering intensity 1s concerned, 1937 
(after the flowering year 1935), 1940 (after the flowering year 1938) and 1944 
(after the flowering year 1942) were, 1f other conditions were fulfilled, good seed 
years at the pine-limit in Utsjoki. The tact that the above two series coincide 
very well allows us to use this simple method of measuring the flowering 
intensity also in other localities. 


TrrEN (1935) has shown the alternation of flowering years and »years 
of rest» in the flowering of the Norway spruce. Also in the pine such years of 
rest seem to exist; they are, however, not so clearly apparent as in the spruce. 
One must, however, also remember the difference in the anatomical structure 
of the inflorescenses of spruce and pine and their different situation on the 
twigs. 

This table also shows the intensity of the flowering in 1938 at the forest- 
limit. During favourable years also very low, 10 cm, seedlings may flower, 
but it is uncertain if those young pines form germinative seeds, cones are 
at any rate formed. 10—30 cm pine seedlings in Utsjoki are in general 12—15 
years old. At this age the pine commences to flower also in more southern 
regions, (cf. SyivEN 1916, BiiscEN-Mtncn 1927) but the height of the pine 


is then at least 2—3 m. 
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Re the flowering of young pines in the north some notes are compiled in 
Table XX. 
Table XX. Flowering of 168 pine »seedlings» and young pines in Utsjoki. 
Senin abe PUTA NONONET Scere Pee TaN Se ee 


Height Number of | Number of 9-flowering pines 8 
cm | pines | A 99S BT]. 1938 | 1939 
140—30 | 58 | 1 | 4 1 
31—50 54 | 1 | 11 1 
51—70 24 4 7 = 
71—90 5 = 1 a 
91—110 15 3 8 = 
111—130 15 3 5 _ 
/ 168 | 9 33 | 2 


The unusually warm summer of 1937, thus, caused 9-flowering 1938 also 
on very young pines. Of 376 seedlings and young plants (—3 m) in favourable 
localities in Enare and Utsjoki 191 showed female flowering in 1938. Only 
one of the 168 pines in Table XX had male inflorescences. Of the above-men- 
tioned 376 young pines 13 only had male inflorescences. 


VIII. The regeneration of the pine at the forest-limit in Utsjoki. 


Map 4 shows localities at the forest-limit in Utsjoki where 2 or 3 year old 
pine seedlings (the age refers to the year 1940) were found in 1939 and 1940. 
Thus, seedlings of pine, apparently originating from the seed year 1937 (flo- 
wering year 1935) could be found at the outermost periphery of the pine- 
region. The author has earlier (1940) given a more detailed description of some 
of the localities where spontaneously growing pine seedlings were collected 
in 1939. Around the solitary pine trees in the Tana river valley, outside the 
timber-line proper, 2—3 year old pine seedlings were also found 1940. 

No marked difference between the development of the pine seedlings 
found in the forest region proper and at the timber-line could be established, 
nor between seedlings from Utsjoki or Enare respectively, as the following 
Table (XXI) shows: 

(The 2—3 year old pine seedlings from Enare were slightly more developed 
than the seedlings from Utsjoki, but the differences were insignificant.) 

Also in 1945 young pine seedlings (4—5 year old) were found at the timber- 
line in fairly large quantities. There is therefore no reason to establish any 
generative» or »vegetative» forest-limit as far as the pine-forest in Utsjoki 
is concerned, see above. 

See Fig. 6—11. 
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Diagram 5. The age of pine seedlings from Utsjoki, according to measurements in 1939 

(1), 1940 (2) and 1945 (3). In line 4 the measurements mentioned are summarized. Compare 

p- 58. Note the maximas (1945 = 0) in the age class 17—19, 7 and 45, thus showing 
at least 3 good regeneration years at the timber-line in Utsjoki. 


Table XXI. Seedlings from Enare and Utsjoki. 


Seed-lobe Length Length of first huaber alescd. 
number A year needle ‘ 
(in cm) ; lings measured 

(average) (in cm) 
From the timber-line 4,4 1,34 A542 100 
From the forest-region 4,4 4) 849) Ap23 100 
From Utsjoki ......... 4,2 4537 1,00 106 
PSCOM TALC caste serio 4,5 1,34 1,53 106 


The regeneration of a forest depends on many factors. The flowering 
years are mentioned above. The seed year of the Scotch pine in the north 
occurs two years later. Many facts show that a rich flowering year or a good 
cone year is not the same as a good seed year, cf. RENVALL 1912, HacEem 
4917 and Erpr 1932. And, a good seed year is not the same as a good rege- 
neration year. The only possible way to get an idea of the real regeneration 
years is to count the living seedlings in a forest or in this case, at the timber- 
line. Diagram 5 and Table XXII show the results of the author’s investigations 
on three different excursions, in 1939, 1940 and, after the war, in 1945. 

The counting of annual rings on the cross-sections of young pine seedlings 
in the north is, however, very difficult. The author measured the age by means 
of a microscope (90 x), examining every seedling or young pine included in 
Table XXII at least twice. Nevertheless, I believe that the figures in Table 
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XXII are not exact. They show the tendency, however. After counting annual 
rings on some 1.000 pine seedlings two or three times the difficulties are evi- 
dent ... Many seedlings are quite impossible to determine in this respect as 
the growth at the timber-line is slow and irregular. Cf. the corresponding ex- 
periences of RENVALL (1912, p. 101), Laxarr 1915 and LaAssILA 1920. 


Table XXII. Age of 747 pine seedlings at the forest-limit in Utsjoki. 


Age | Year | Collection 1939 | Collection 1940| Collection 1945 
4 1944 —_ — | — 
2 1943 | — — -— 
3 | 1942 — — | 4 
h | 1941 | — | — | 51 
5 1940 -- — 77 
6 1939 10 i, | 12 
7 1938 | 88 / 20 | 27 
8 1937 : 19 3 21 
9 | 1936 2 a 6 

10 | 1935 4 | 2 5 
a4 | 1934 . 7 — 6 
12 | 1933 3 6 9 
13 | 1932 | 10 6 5 
14 1931 12 6 10 
15 1930 | 14 6 13 
16 1929 | 16 | 15 14 
17 1928 | 30 16 20 
18 | 1927 15 | 10 33 
19 | 1926 19 / 19 12 
20 | 1925 : 7 / 16 2 
24 1924 2 | 9 2 
22 / 1923 1 / 7 2 
23 / 1922 1 7 <n 
24 19214 1 1 

25 | 1920 1 oe | sts 


Diagram 5 shows more clearly the variations from year to year. The age 
measured in 1939 and 1940 has been corrected to show the presumable age 
in 1945, The table and the diagram show that there have been at least three 
good regeneration years since 1920. Note the maxima in the age classes 4—5, 
7 and 17—-9. In spite of the difficulty of fixing the correct age, there seems to 
be no doubt about the existence of those 3 regeneration years. Comparing 
the data in the previous chapter we find that the age classes 4—5 and 7 are 
easily contirmed; they belong to the exceptionally good female flowering years 
1938 and 1935. And the maximum in the age classes 17—19 is due to the 
favourable years 1924—25. 
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It is possible that the author, when collecting the material of seedlings in 
1939, observed the youngest pine seedlings more carefully than in 1940 and 
1945. Nevertheless it was astonishing to notice how much more prominent 
this age class was in 1939 than in 1945. In the author’s opinion this illustrates 
the heavy reduction of the youngest pine seedlings due to unfavourable 
climatic conditions. The correctness of this interpretation of Table XXII 
can only be verified in carefully watched test areas under natural condi- 
tions. 

Table XXII appears to some extent to confirm the fact pointed out by 
RENVALL and others (cf. Lassma 1920), of a fairly regular dormancy of pine 
seeds in the north. Without doubt, 1940 was an exceptionally good seed year, 
much better than 1941. Nevertheless, the age class 4 (1941) is very well repre- 
sented in Table XXII. The dormancy theory may help to explain this fact. 
Moreover, Table XXII and Diagram 5 show that every year there have probably 
been some germinative seeds in the cones also at the timber-line. The statement 
that there were at least 3 good years in the 25 years and a smaller quantity 
of germinative seeds on the Scotch pine at the forest-limit nearly every year, 
is contrary to the opinion expressed by RENVALL (1912) and Hacem (1917). 
Every year one can find female inflorescences and cones on the pines. But 
there are great variations in the number of viable seeds. One seedling here 
and there does not regenerate the forest in the north. The picture RENVALL 
gives of the forest in Enare and Utsjoki is different from the author’s, re the 
occurrence of seedlings and age classes. The only explanation is the rmprovement of 
the climate» in the last decades, described above. 


The growth in height of the pine seedlings 
is, as may be expected at this latitude, rather 
slow, yet somewhat better in 1930—40 than 
in RENVALL’s time. Stagnation of growth in 
height is still noticeable at the age of 15 | jogo series 
years. According to a smaller material 1940 
the average height of seedlings 5—9 years 
old is about 10 cm, 10—12 years 18 cm, 13— 
15 years 43 cm and 16—21 years 65 cm. In 
south Finland the pine in good sites may reach 
7—8 m in its 20th year. The average dia- 
meter in the north of pines 20 years old is ye : 6 t) i eeyee 
about 2 cm. Compare Diagram 6. =e re oe aes 

The radial growth of pine seedlings at the * Ge ae ai ppubgs qe re 
forest-limit is in the first years notlessthan 4949 and 1945. Note the »slow- 
the. radial growth of seedlings in southern down» in 1945. 


1945-series 
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latitudes. The relatively good growth in thickness of pine seedlings on’ the 
mountain slopes in Utsjoki and Enare (Husticu 1940) obviously is due to 
the greater light intensity in the north. In the summer months the light 
time in Utsjoki at Lat. 70° is 20days (of a light duration of 24 hours) longer 
than at Lat. 60°, see the author’s paper (1947). 

The growth of the annual shoots of the pine seedlings varies in accordance 
with the climatic conditions during the difterent years. The continuous natural 
increase in the growth of young seedlings from year to year will, of course 
be noticed when comparing the measurements. 

The growth of the annual shoots on those pine seedlings may often show 
a decrease of 30 °% (sometimes 50 %) in one of the subsequent years, even 
when no outward disturbances (insects, tungi) are noticeable. These great 
differences between growth in different years are typical of the northern 
forests, cf. also SMIRNOv’s observations from Kola (1936). 

Table XXIII shows the length, radial growth and length of the needles 
of 30 seedlings taken from the collection in 1940, age 9—19 years, height 
15—64 cm. The table may serve as a complement to the author’s earlier notes 
(1940); the seedlings are from different parts of the pine-limit in Utsjoki. 

The needles remain on the seedlings about 5 years, in exceptional cases 
7—8 years. The below table shows the average needle length on 80 seedlings 
collected in 1939 (series a) and on 24 seedlings collected in 1940 (series b). The 
age was 10—20 years, the height 20—60 cm. 


1939 1938 1937 1936 1935 1934 
ae Zeit 2,97 2,98 2,27 2,73 (2,69) 
b. 218 3,28 3,19 2,30 2,65 3,16 


1936 and 1939 are minimum years, cf. above p. 31. 


Table XXIII rather clearly confirms the above statements about the 
maximum years 1935 and 1938 and the minimum year 1936 of longitudinal 
growth of the annual shoots. The table also shows the fairly clear »jump» 
in radial growth from 1936 to 1937. In needle growth the years 1934 and 
1937—38 appear as maximum years. 


The seedlings mentioned above are all from the transition zone between 
the forest and the tree line in Utsjoki. If we study the distribution of the seedlings 
around the solitary trees it seems evident that the seedlings always occur near 
the trees, about 25—30 m seems to be an approximate maximum, 10 m the average. 

As a rule we find only a few (1—10) seedlings round solitary pines, rarely 
10—50 (100?). Around one pine at the tree line near Mierashjarvi in Utsjoki 
valley, I found 74 pine seedlings, <5 m from the trunk. Of those 74 seedlings 
65 were 4—7 years old, 4 12—14 years, 2 15—16 and 3 18—20 years old. In 
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Table XXIII. 30 pine seedlings from Utsjoki (1940). 
a 


Dia- Annual length ?- aati radial Needle 
Age Pe usin rent aan por increment, length; mm Height 
1940 ering 1/100 mm cm 
mm 
1939) 38 37/36 35/34 1938 |1939/38|37 36/35/34)1939/38/37/36/35/34 
| | | { 

9—10 5 49} 42/314/—|—/—_| _ — 30 |34/45| 8) 8|—| 24 |35/29\—|—I|—-_]_ 417 
12 6 26) 24/14)25)—/—| — 30 |47)18)15/18)10) 20 |25/25/20\—|— 19 
12 4 26} 29)20)20/26/15) *~— 7 (43/42) 8/15/13) 16 |20/25/17/22/33! 49 
13 5 34} 30/30)/387\—|—|  — 37 |17/28)22/28/18) 19 |30|30/25|\—i—| 26 
13 8 43} 47/28)/20/—|—|  — 34 |20/22/10/13) 6) 34 |34/32/24/—/—| 25 

13—14 6 24) 35/18/17/29/18 Q 35 |384/37/22/18/20| 20 |33/32/20/25/25| 23 
14 10 85] 61/40/29/35)/20) — 27 |24)27|24)30|47| 30 |45/45|—|—140] 39 
44—15 4 55] 45/26/24/40;—| — 25 (25/22/13) 8/12) 20 |36/38/25/31/—| 24 
14—15 5 45] 53/23/30|43/33| — 34 |28/22/25/18/15) 22 |37/32/17/27127| 39 
45 41 57} 73/35/57|56/25 je) 43 |41|64|41]43/45| 24 |41/39/29/39/—| 42 
15 10 56] 61/46/32/20/22 je) 77 |52|43/27|30/34) 18 |25/28/18)21/21] 36 
45 48) 341/23/15|/20\—; — 59 27}30)17|17)10) 22 |22/26)47/24|/—| 28 
45 8 65] 79)30\31/43/16| — 61 |34/20/27/17\—| 29 |40/36/20)29/41|; 37 
15 6 42} 70)30)35/26/20| — 49 |17| 8/24) 8/13) 17 |29/29/17/24/33) 32 
15 10 541} 64/43/27/24/—| — 67 |55/55)20)25)/20| 20 |21/24/20)19\—|) 37 
45—16 66} 95}43/30/25|— Q 386 |34/45/25/22/18| 22 |37/38/32/34;—| — 
15—16 10 85} 85/69}50/46/40| — 37 |80/50/25/30/20} 20 |30/82)21/24|\—; 53 
15—16 6 28) 32/18)22/30,20;) — 22 |26)22 15/18 17; 26 |28/16/20i—|—|_ 25 
15—16 12 | 135)/148|44)45/72/35) — 69 |84177 541/44 37| 36 '63)641/32/314\—; 71 
16 10 85} 90)49)29)43/30) — 80 |61/43/32/27|27| 24 |40/32120)27/25| 54 
16—17 12 70| 86/54/56)37;—| — 91 |37/45/33/41/29) 21 |36)31/25/29\—| 42 
16—17 At 81! 81/44)34/59)45 ie) 29 |43/50)17|26/26) 16 |35|36/22/28/36| 52 
16—17 8 80} 82)30/35)30;—; — 71 |61/41/13/17/25) 18 )31/28/24/)314/—| 35 
16—17 9 75} 39}20/30/58)20| — 59 |47/41/34/38/17| 34 |40/30/22/25)51) 43 
te) 5 35} 40/24/27/28/32) — 68 |43)/22)/22)17/—| 23 |34)27/24/35|—| 32 
47—18 13 74| 73/45|38/60\30 Q 65 |34/47/18/17/26) 18 |31/31/25)24\—| 53 
17—18 10 75| 80/51/45/50/40;) — 53 |49/50/34/22/26) 23 |30/35)22/20/30| 46 
17—18 10 741} 61/50/32/341387; — 37 |43/39/26/30/32| 17 |26/32/24/26)22) 43 
18—19 13 76} 69/48/28/49|49 je) 59 |63/55|26/47/54| 24 |37/35)22)26\—| 64 
19 12 75|101/44|58/67|40 2 55 |59 47/34|20/25| 16 |30/32/22)28/27) 64 


Pulmanki the seedlings around the solitary pine trees were very few, one or 
two, but generally not a single one. 

Pine seedlings located more than 500 m from the nearest pine in the moun- 
tain region in the north are very rare. I have come across only 4 such cases 
in northern Fennoscandia. 

Re the distribution of pine seeds from the trees in open and dense forests 
etc., compare the papers by HEIKINHEIMO 1932 and 1937, which are of funda- 
mental importance. Cf. also the investigation made by Jonzs of the distri- 
bution of seeds of the Douglas Fir (1945). 
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Table XXIV gives an idea of the occurrence of pine seedlings in some 
test areas: a and 0 are from the pine heaths near Tsarsjckka (Kevujoki), 
c is from the pine ridges between Linkkapahta and Tsarsjokka in the Kevu- 
joki valley, d from pine terraces near Kevujoki, ¢ from a sandy terrace near 
Madsjokka (Kevujoki valley), f from a pine slope near Utskaidas (near Kevu- 
joki) and g from the birch region with solitary pines near Mantojarvi, Utsjoki 


valley. 


Table XXIV. Pine seedlings in some test areas in Utsjoki. 


Area in a b Cc d | e / if g 
hectare == ),5 0,014 | 0,005 | 0,02 | 0,04 | 0,04 0,04 
Age class | | | | / / 
3—5 36 ee eee 9 10 5 — 
6é—s | Gis} 4 1 2 6 S44 4 
9—12 | 9 2 . | 1 _ 6. a es 
13—15 | 7 1 3 2 2 77 8 4 
16—20 || 24 5 24 12 6 oe ‘ 
21—23 _ abdeyrah 4 — 1 ee 
| 79 | 20 | 78 26 | 25 30 12 
Number of | | | 
seedlings on | 
0,04hectare) 41,6 | 20 | 4156 13 25 30 | 12 


The areas in Table XXIV are all of the Cladina-type (with scattered 
Empetrum). The table shows the variation in the number ot seedlings in dif- 
ferent areas. It is thus quite impossible to generalize these test areas. The table 
. illustrates the varying conditions for regeneration at the periphery of pine 
forests. Farther south the conditions are more equal in larger areas. The age 
of the seedlings in Table XXIV were microscopically tested. Because some 
of them were difficult to determine (the seedlings mentioned are only partly 
included in Table XXII) the age classes in the above table are very vague. 

It was interesting in 1945 to see the small ditferences in size between the 
seedlings of the age classes 6—8 and 3—5. One could hardly, without careful 
examination, see any difference in height and diameter between the two cate- 
gories. It was obvious that the promising 2—3 year seedlings noticed in 
1939—40 did not develop into good seedlings later on. The reason may have 
been the cold winter 1939—40 or the rather unfavourable summer in 1940. 


Re the flowering of pine seedlings and of young pines, see the previous 
chapter. 


Pine sowing and cultivation has been carried out in the Utsjoki valley on. 
governmental initiative, ia. in the following localities: in 1925 at Onnela, 
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in 1927 at Mantojarvi and Kaavanvaara, in 1928 at Ollila and in smaller quan- 
tities in other places, in1930 at Kaavantaipale and after 1931 almost every year 
in smaller areas. The places mentioned above are situated north of lat. 69°30’ 
and along the Utsjoki river and near the Tana river. 

According to information given by forest ranger O. aprona (see Mr. 
HMLivirtAs report, cf. p. 26) 210 hectares were sown in 1924—36. Of those 
43 hectares have been successful. 14,8 hectares were planted with 53.900 
seedlings grown in the small nursery near Mantojarvi in the Utsjoki valley. 
On an area of about 4,8 hectares the cultivation was a comparative success. 
This result must be considered positive in view of the very northern site of 
the cultivations. 

Fig. 12 originates from Ollila, where, according to information received 
by Mr Taprora, 41 kg seeds of Scotch pines from Kemijarvi at the Arctic 
circle were sown in 1928 on the snow crust covering about 30 hectares of a sandy 
ridge. The seedlings in the picture are about 80—160 cm high and 12 years 
old (in April 1941). Some of those had flowered in their tenth year. The longi- 
tudinal growth in the years 1934—44 of 5—17 year old pines at the Ollila culti- 
vation was as follows (cm): 


19384 1935 1936 1937 1938 1939 1940 19441 41942 19438 1944 
7 10 9 8 17 21 13 15 241 42 15 


The results of the pine cultures in Utsjoki have so far not been closely 
examined. 
_ Re the regeneration of the pine in Utsjoki HizivirtTa is pessimistic. He 
states, nevertheless, that there are 275.938 about 10 year old pine seedlings 
in Utsjoki parish, or 102 per hectare. This estimation is based on sample plots 
in different parts of the river valleys and the result is applied for the whole 
area. The value is, however, too exact. 


Near the boundary of Utsjoki parish there are pine cultivations at Naatam6 
(Neiden) near the Norwegian frontier, made by Dr. A. RENVALL in 1914—15, 
see Fig. 13. KALELA (1939, p. 256—7) made the following Table XXV (p. 64) 
from these cultivations showing the provenience, the percentage of healthy 
seedlings, the percentage destroyed by Phacidium, etc. 


The comparatively inexpensive method of sowing pine seeds on the snow 
crust in the spring should be more exploited in the vast areas in the north. 
The rodents would in certain years, destroy most of the seeds. (see Fig. 14). Thus, 
Forest officer A. PARVIAINEN in Utsjoki mentioned to me in April 1941 that 
the rodents (especially Lemmus lemmus) in 1938, the great lemming year, 
destroyed all the pine seeds sown in Karingasnjarga in W-Utsjoki. Neverthle- 
less, sowing on the snow crust, for instance 1—2 years after the lemming years, 
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Table XXV. The status of young pine seedlings of the cultivation in Naatamo 
(KALELA, l.c., table 86). 


| | Phacidium | ; ; i Dry tér- 
Year of Healthy | / | Height in cm in minal 
Provenience - 3 | damaged shoot, in 
cult. pines, % F 
| strongly, % 19301931 1932/1933/1934| 1930, % 
| 
1914—15| Atsari (64°) ... 4 tual 22 | 52] 62] 74] 83) 94 30 
> Rovaniemi (66°) 28. « i 7 | 90] 105, 120] 133] 143 19 
1922—23| Simo (65°) ...... 4a | 4 | eed dood O81 | 20ieo 9 5 
“y | Koletl (67) -y.- 79 — | —|.—| 14, 15] 24 


These observations, made by KALELA, show that the southern proveniences have 
difficulties at these latitudes. 


which in the north occur fairly regularly (about every 4th year) would cer- 
tainly give results, but the sowing must be done on a greater scale than has 
been the case at the timber-line. The method is inexpensive and especially 
practical in the vast mountain birch region in Utsjoki. The pine seedlings 


grow fairly well, sheltered from the strongest wind by the scattered mountain 
birch bushes. 


IX. The correlation between the flowering, the fruit formation 
and the vegetative growth of the pine at the forestslimit. 


Above the author gives a statistical account of the length of the annual 
shoot, the radial growth, the length of the needles and the flowering of the 
pine. The main intention is to show the annual alternations of growth pheno- 
mena depending on the climate. We must, however, have a deeper knowledge 
of the physiological processes in the shoot development and of the awakening 
of the cambial activity to understand the true relations between climate and 
growth. 

Diagram 7 gives a summary of the material described above. The diagram 
shows i.a.: 

a. The maximum in the intensity of female flowering coincides with the maxt- 
mum in growth in length. 

b. The correlation between the growth in length of the annual shoots 
and the growth in length of the needles is unclear. 

c. The relation between radial growth and the growth in length of the 
needles seems to be direct. 

d. The maximum in the growth in length sets in the year after the maximum 
in radial growth and thus in the summer after the favourable summer, see p. 32. 
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1944 1940 1935 1930 1925 


Diagram 7. Synthesis of the different growth phenomena compared with the July tem- 

perature in Enare in 1925—1944. 2 = radial growth of the standard series of 1939 and the 

new series of 1945 dotted together. 3 = the needle growth (compare p. 31), 4 = the growth 

in length of the annual shoots (p. 29) and 5 = the relative quantity of female flowering 

(p. 55) at the polar timber-line in Utsjoki. The scale to the right shows radial growth 

(in 0,1 mm) and relative quantity of Q-flowering; the scale to the left shows at the top 
C° and also the scale (in cm) for length and needle growth. 


In 1945 the author, as a purely methodological outline, made an attempt 
to compare the radial growth and the length growth with the total growth 
of wood (cubic) in the tree in the same period. The material used, was, un- 
fortunately, very unadequate, especially as regards the length growth. Using 
numbers in Table XIII, Husricu 1945, we get the following correlation 
coefficients for the period 1921—40 (alt. when the temperature of the previous 
year is concerned, 1920—39): 

The very poor material in Table XXVI seems to show that the corre- 
lation between longitudinal growth and radial growth of the pine is non- 
existent. The correlation coefficient for the longitudinal growth and the radial 
growth in the previous year is (using the same material as in Husticu 1945) 
0,44 + 0,17. The correlation between the longitudinal growth and the July 


5 
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Table XXVI. The correlation between radial growth, growth in length, growth 
in cubic of the pine in Utsjoki-Enare and the mean temperature in Sodankyla. 


Growth Radial | Cubic July 
in length growth | growth temperature 
ew R 
| Growth in length aeeseese — | 0,09 + 0,22 | 0,72 + 0,11 | 0,23 + 0,24 
| Radial growth ...c.ccccsee 0,09 + 0,22 ae 0,63 + 0,14 | 0,86 + 0,06 
Cibie stowth af ..jnhivanntee | 0,72 + 0,11 | 0,63 + 0,14 =e 0,61 + 0,14 
July. tenmperature cyccncs ance 0,23 + 0,21 | 0,86 + 0,06 | 0,64 + 0,14 _- 


temperature of the previous year seems to be very positive, r=0,71 +0,11. 
The same fact is clearly shown in diagram 7. The coefficients for the relations 
longitudinal growth/cubic growth and radial growth/cubic growth are about 
the same, (),72 and 0,63 respectively (note the great standard error coefficient; 
the period is 20 years only). The coefficient for the relation cubic growth/July 
mean temperature is, in spite of the long distance between the place where 
the material was collected and the meteorological station, fairly good, r = 0,61 
+ 0,11. 

Only a detailed investigation of the relationship between cubic growth 
and climate could show the real value of the growth calculation tables used 
by the foresters. 


The growth in length of the annual long shoots of the pine is mainly an 
automatic elongation process. The same on a very small scale, however, applies 
to the short shoot also. After the elongation of the short shoots the secondary 
meristem of the needles is developed. The growth of the needles is thus com- 
parable, to some extent, with the radial growth phenomena. 

The flowering too is in some degree an elongation process. The female 
flowering of the Scotch pine in the north comprises three growth seasons, the 
male flowering only two. The growth in length as well as the number of needles 
developed in the following year and the quality of the flowering depend on 
the differentiation of the cells in the buds for the following growth season. 
The radial growth, on the contrary, is a cambial process. There is therefore 
a fundamental difference in the growth phenomena. This explains the character 
of diagram 7. The amount of the reserve nourishment of the previous year 
influences perhaps each growth process in a different degree. 


The following may serve as a preliminary summary of the relations between 
the flowering and the vegetative growth of pine. The expression n indicates 
a certain year. 

The year n. In June—July the cell differentiation processes take place 
in the bud for the following growth season. 
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The year n + 1. In March and April inner changes take place in the buds, 
reduction and tetrad divisions occur in the buds with »flower» initials. In May 
in $-Finland and in June in N-Finland the inflorescences develop. The polli- 
nation happens at the end of May or beginning of June, at the forest-limit 
in Utsjoki at the very end of June. The visible development of the female 
inflorescences from the top of the bud to the pollination stage is relatively 
rapid. After the pollination (or independently?) the female inflorescences 
bend downward, their petioles grow longer and the dark red colour of the 
spring changes into greyish brown. The whole cone seems dry and immobile, 
only about 2—3 weeks after the first visible signs of female flowering appeared. 

The annual shoot begins its visible growth at the end of May and reaches 
its liveliest period in June (July in the north). The radial growth is liveliest 
in July, the needle growth in July and the beginning of August. In the new 
buds, developing in June—July, new cells differentiate, see above. In August 
the surplus assimilation products are to a high degree used for reserve nou- 
rishment. 

The year n+ 2. In April and May the fertilization of the female cone 
takes place. After the fertilization the cone grows from a length of 8—9 mm 
to about 3—4,5 cm, forming the green cone of the second year. At the forest- 
limit in Utsjoki this process is finished about middle of July. This process 
is fairly swift and is finished in about the same time as the annual shoot reaches 
its definitive length for the year. Reserve nourishment is probably used for the 
development of the second year cone. 

The year n+ 3. In the spring, April to June, in Finland the ripe pine 
seed is distributed trom the cone, whose first development took place in the 
year n, see above. 

During the first part of the spring the important generative processes 
occur, while May—June is devoted to the cell elongation proper. July—August 
is the time for the cell differentiation and the formation and storage of re- 
serve nourishment. 

The more favourable the summer of the year 1 is, the longer is the annual 
shoot!) in the year m + 1. The longer the annual shoot, the larger is probably 
the needle surface or the assimilation area in the summer of the year m + J. 


1) This is a fact in the temperate zone where the temperature is the domi- 
nating factor, and water is always available in the spring. In countries where 
the growth is mainly dependent on the precipitation, the length growth reaches 
maximum in the same year as the radial growth. This entitles the presumption 
that, at the desert border, the annual variations in cubic growth must be greater 
than in the north. Consequently a climatic fluctuation in the direction of a 
drier and warmer climate must be relatively more dangerous for the forest 
in the south than favourable for the forest in the north. This theory will be deve- 
loped by the author in another paper. 
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A warm summer in the year » causes increased radial growth and increased 
storage of reserve nutrition, which has a general intluence on the growth in 
the following year; cf. the Jag in the radial growth mentioned above, p. 47. 

During a favourable summer a predominance of assimilation in relation 
to the dissimilation occurs, a tendency which at the forest-limit is strengthened 
by favourable light conditions. 

My observations in the summer of 1945 (with bicarbonate solution and 
cresol red) showed that also 3—6 year old needles continue to take part in 
the assimilation process in the late evening with the sun still over the horizon 
at 11 P.M. The result of these favourable light conditions is an increased 
C/N quota (carbohydrates/nitrogenous substances). A surplus of carbohydrates 
seems to further the formation of flowers. 

»Growth depends on available water and the various elements needed 
for synthesis of protoplasm, while differentiation is conditioned mainly by 
carbohydrates. If growth is checked by some means (e.g. by reduction of 
water or nutrient supply to the top) which does not impair photosynthesis, 
then the carbohydrates formerly used in protoplasmic synthesis accumulate 
and serve as raw materials for differentiation» (BURKHOLDER 1936, p. 123). 

A favourable summer, which in the north involves a combination of high 
temperature and small precipitation, leads moreover to a lively assimilation, 
and to some degree also to a reduced supply of water and consequently to 
a reduced supply of mineral and nitrogenous substances. The result is an 
increased quota of C/N. This schematic expression seems, at least to some 
extent to explain the rich flowering after warm summers, which are usually 
fairly dry in the north. 

However, the meristematic differentiation going on in the bud is one phy- 
siological process, the later development another. »A low ratio of carbohydra- 
tes/nitrogenous materials appeared to be characteristic for growing points. Con- 
ditions favourable tor flower initiation may not be favourable for fruit forma- 
tion, because, following fertilization, the young fruit acquires the chemical 
character of growing point and absorbs proportionaly greater amounts of 
nitrogen» (BURKHOLDER, l.c.). 

This is an important reason for distinguishing clearly between the different 
years, n,n + 1, n + 2, in the formation of the cone in investigations of the in- 
fluence of the climate on the reproduction of the pine. 

The differentiation of the tissues within the seemingly inert bud is, on 
the whole, an unknown process. Nevertheless it marks the climax in the annual 
periodical development of the plant. Physiologically it is to be considered 
the most intensive process of the plant, cf. WENT a.o. BURKHOLDER 1 .Ga, 
p. 142), putting together pieces of information from different sources, writes: 
»In order to explain the behaviour of the fertilized ovary as a growth center, 
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the suggestion has been made that hormones may be concerned in the estab- 
lishment of a metabolic gradient. Too few facts are known as yet to permit 
the formulation of a sound physiological explanation for the morphologically 
well known story of reproduction». 

The differentiation in the bud takes place during the part of the summer 
when the assimilation is at its liveliest. The differentiation process requires 
a higher temperature than the growth in length, 7.e. the elongation, the initial 
temperature of which may be remarkably low for some plants (note the growth 
through snow ). The more favourable the summer, the higher is the C/N ratio. 
The consequence seems to be, according to the observations above, p. 51, at least 
im the pine a predominance of female flower initials in relation to male flower 
initials. The inner reason for this change in the flowering quality is unknown. 

The quality of the flowering does not depend on temperature only. The 
age of the branches of the pine is of importance, as RENVALI, has shown, 
(1914), see p. 51. But the influence of the climate at the forest-limit causes 
great changes in the flower quality, in a manner which well bears out what 
has been said above re the C/N ratio. 

One of RENVALL’s statements was that »die weibliche Blutenbildung in 
den verschiedenen Sprossordnungen eben dieselben Mengenverhdltnisse befolgt 
wie die Erzeugung vegetativer Knospen (l.c., p. 150)». And in the following 
quotation RENVALL touches upon an important complex of problems: »Man 
kénnte sich vorderhand ebenso gut einfach vorstellen dass die weibliche Blu- 
tenbildung immer und nur dann einstellt, wenn die Knospenerzeugung des 
Jahrestriebes iiberhaupt eine gewisse Grenze iiberschritten hat. Je mehr der 
Jahrescharacter die »Neigung» der verschiedenen Individuen und die vegeta- 
tive Tatigkeit der einzelnen Zweige des Baumes die Knospenerzeugung iiber- 
haupt begiinstigt umso reichlicher mussten dann auch die Knospen in weib- 
liche Bluten iitbergehen» (l.c. p. 153). 

It looks, however, as if RENvArL had simplified this important problem 
too much. The number of buds in a region without a particularly extreme 
climate follows, on the whole, the same rules as the intensity of the female 
flowering, viz. the younger a branch, the greater the number of buds. There 
seems to be a direct relation between the number of »fertile» or »sterile» buds 
and the intensity of the female inflorescences. 

In this connection some sporadic notes on the abundance ot vegetative 
buds in comparison with the female inflorescences on the same shoot may be 
given. In 31 cases both the number of vegetative buds and the number of 
female inflorescences on the same pine branches of the second order in 1935—44 
were taken note of. (Some of the vegetative buds do not develop to branches.) 

The figures indicate the number of shoots. Even in this example with 
only 31 branches the years 1935, 1938 and 1942 (in accordance with earlier 
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Table XXVII. Number of vegetative buds and female inflorescences on the 
same pine branches. 
ES 


! 
Annual shoot 1944 1943/1942|1941 1940/1939|1938|1937/1936| 1935 
| 
| 
with 0 or 1 vegetative bud ...... 2223 | 19} 15 | 16 | 18 | 13 | 18 | 9 || 16 | 
2, 3 or & vegetative buds ......... 9 | 8 | 12 | 13 2) 8 )443) 8 |b (eae 
female inflorescenses on the same| | | | 
SLOG gc cnas Mogsivenceartendiecsnt tees pS a 20| 12] 8|47| 22] 7|5 16 


tables in this paper) appear as maximum years for female inflorescenses. And 
during those years the number of vegetative buds, too, is higher. 


»Die Wiederkehr der Samenjahre hangt — von der Zeit an, welche der 
Baum zur Wiedererfiillung seiner Reservstoffbehalter braucht» (BUSGEN- 
Mincu 1927, p. 344). As far as the pine is concerned this is not always noti- 
ceable. TovstoLEs (1938) points out that the most evident depression in the 
radial growth curve for the pine in the Ukraine corresponded to the seed years 
which appeared with an interval of about three years. Cf. ANTrEvs 1925, 
p. 124. ; 

In the standard series above, p. 39, we recognized the following minimum 
years: 


1893, 1990, 1903, 1910, (1917), (1921), 1929, 1936, 1939, (1940). 


These years were, with the exception of 1940, not seed years in the north, 
the corresponding seed years being 1904, 1911 and possibly 1901, 1922, 1937 
and 1940. 

The series is too short to establish any certain connection. The minimum 
in the radial growth coincides with a seed year only partly. But there is a certain 
connection between the radial growth-minimum and the ripening year, 1.e. the 
year before the seed year (the year + 2, see above p. 67). If indicates 
a favourable year, the radial growth is high. The storage of reserve nourishment 
is high, too. And in the year m + 1 the female flowering is richer than in nor- 
mal years. In the year m + 2 the female cone seems to need one part of the 
reserve nourishment, which in other circumstances would possibly be used 
for the growth in thickness. Thus, a minimum in the radial growth should 
be expected in the year n + 2 rather than in n + 3, the seed year itself. 1900 
was a minimum year in radial growth, 1901 a seed year, 1900 was the ripening 
year. 1903 was a minimum year in radial growth, 1904 a seed year, 1903 
a ripening year etc. In addition the year 1936, a minimum year in radial 
growth, should be mentioned. In spite of the fairly favourable summer in 1936 
the radial growth was poor. The female flowering in the year 1935 was good 
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and, possibly, partly explains the poor radial growth in 1936 (the ripening 
year of the seed year 1937). 

At the risk of generalizing his own experiences, the author, nevertheless, 
wishes to point out that female cones which stagnate in their development 
from their first to their second year, are rarely observed. One remarkably 
seldom notices female cones which have not gone through the usual elonga- 
tion of the petiole, downward turning and swelling. Equally seldom does one 
see cones which have not gone through their development into the larger green 
cone of the second year. Developed cones with seeds of no or very poor value 
are, however, more common. 
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Fig. !. Typical pine in the »region of scattered pines» near Syysjarvi, south of Utsjoki, 
about 69°45” north. Lat. Photo I. H. July 1940. 


Fig. 2. From Keyujoki Valley in Utsjoki. Scattered pines in the mountain birch region. 
About 69°40’ north. Tat. Photo I. H. April 19414. 


ACTA BOTANICA FENNICA 42: Hustich Plate 2 


lig. 3. Two well-grown pines in the mountain birch region plateau at Mierashjarvi, Utsjoki 
valley. Photo I. H. April 1944. 


/ 


Wig. 4. In sheltered parts of the Keyujoki valleys well-grown young pine forest reaching 
a height of 14 m. Photo TI. H, August 1939. 
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Fig. 5. Detail of pine from Mierashlompolo, Utsjoki, about 69°35’ north. Lat. The richness 

of cones was remarkable, some branches had cones every year for the last eight years. 

Near this pine there were many pine seedlings. The cones in the picture from the rich 
flowering year 1938. Photo I. H. June 1940. 


. Good regeneration of the samme age class (probably age class 17-19 years in 
of pine seedlings from a Cladina forest site in Inari. Photo by Forest 
officer A. HIILIVIRTA. 


Fig. 6 
1945, see p. 57) 


l 
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Fig. 7. Good regeneration could always be seen along paths and roads in Inari in 1939-—40, 
From the path between Inari and Menesjarvi, about 68°55’ north. Lat. Photo I. H. June 
4939. 


Hig. 8. Good regeneration in places where reindeer feed on the ground near the farms 
Kaamanen, Inari, about 69°10’ north. Lat. Photo I. H. July 1939. 
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Fig. 9. Well-grown pine seedling on Puksalskaidi between Utsjoki and Kevujoki valleys, 

about 69°40’ north. Lat. 170 cm high. The contrast between this natural regrowth of 

good quality and the dying old pines at the tree-limit in the background of the picture 
is typical of the last decades in Utsjoki and Inari. Photo I. H. April 1941. 


Fig. 10. he northernmost pines on a bank of the Tana (Teno) River (the border 
between Norway and Finland). Note the pine seedlings in the fore-ground. Near Nuvvus, 
about 69°40’ north. Lat. Photo I. H. July 1940. 
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Fig. 11, Pine on the NE slope of Marastotunturi mountains in Inari showing a feature 
common also in Utsjoki at the tree-limit, i.e. the new formation of fast growing terminal 
branches. Photo I. H. July 1939. 


lig. 12. Pine culture at the’ forest-limit in Utsjoki valley near Ollila, about 69°40’ north. 
Tat. Note that the pine seedlings reach above the snow crust without visible damage. 
Cultivation begun in 1928, compare p. 63. Photo I. H. April 1944. 
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Wig. 13. Pine culture in Naataméd (Neiden). Compare p. 63. Photo by Forest officer 


A. HitgiIvirta. 


Fig. 14. Damage on birch and pine shoots (2—4 cm.) done by rodents. ‘he shoots have 

been collected by the rodents between stones etc. The damage was done in 1938, the 

big rodent year in Finnish Lappland and in the following winter. Mantojarvi, Utsjoki. 
Photo I. H. August 1939. 
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Najas flexilis ist in der Literatur des europaischen Quartiars seit 50 
Jahren eine haufig genannte Art. Doch ist sie in dieser Zeit wenig von Bota- 
nikern beachtet worden. Allerdings hat Hy. Nizsson schon 1881:eine gute 
Schilderung ihres rezenten Vorkommens in Europa gegeben. In den 90er 
Jahren des vorigen Jahrhunderts wurde die Art in einer interglazialen Ab- 
lagerung in NW-Deutschland (WEBER 1895) sowie in vereinzelten postgla- 
zialen Ablagerungen in Italien (ANDERSSON), Finnland (ANDERSSON, LIND- 
BERG), Schweden (ANDERSSON) und Norwegen (HOLMBOE) gefunden. Ge- 
stiitzt auf die neuen Fossilfunde, die vor allem im zweiten Jahrzehnt dieses 
Jahrhunderts in Finnland und Schweden gemacht wurden, gab SANDEGREN 
1920 eine eingehende Darstellung von Najas flexilis in Fennoskandien in 
.der Postglazialzeit. Dieser Aufsatz rief das Interesse fiir die erwahnte 
Pflanze wach, die dann fossil auch auf einigen Stellen in Mitteleuropa an- 
getroffen wurde. Im folgenden gebe ich eine Ubersicht tiber alle Fossilfunde 
aus Finnland und auch das ganze europdische Beobachtungsmaterial, das 
in der Literatur sehr zerstreut ist und daher den meisten Quartargeologen 
und Botanikern unbekannt geblieben ist. 

Fiir zahlreiche Literatur- und Fundangaben bin ich Dr. Kart, BERTSCH 
(Ravensburg), Prof. Dr. HELMuUT Gams (Innsbruck), Prof. Dr. Knup JESSEN 
(Kopenhagen), Dr. RAGNAR SANDEGREN (Stockholm) und Prof. PauL W. 
THomson (Posen) zu Dank verpflichtet. Dr. BRoR PETTERSSON bat die 
Freundlichkeit gehabt, mir mit der amerikanischen Literatur behilflich 
zu sein. 


I. Spezieller Teil. 


A. Das heutige Vorkommen von Najas flexilis in Eurasien. 
Irland (PRAEGER 1934). 


1. Donegal, Kindrum Lough, 4 Meilen SW von Fanad Head. 

2, 3. Donegal, Lough Mullaghderg und der ganz nahe gelegene Lough Ibby, 
beide SW von Bunbeg. 

4. W Galway, Lough Cregduff in der Nahe von Roundstone in Connemara 
(vgl. Nuysson S. 141). — Hier waichst (PRAEGER 1934) Najas flexilis sowie u. a. 
Elatine hexandra, Nymphaea occidentalis und N. alba, am Ufer finden sich Evio- 
caulon septangulare, Lobelia Dortmanna und Litorella lacustris. 

5, 6. S Kerry, Glenar; Lough Caragh 30 km W von Killarney. Vgl. NILsson. 

7, 8. N Kerry, Killarney: Lower Lake und Upper Lake. 


Schottland. 


9. East Perth, Clunie-Loch. NILsson, DRUCE 1932. 

10-12. Mith Perth, Marlee-Loch, Fingash-Loch und White-Loch. Nirsson, 
DRUCE 1932. 

18. South Ebudes. TRat,. 

13 a. »Loch Fada, Colonsay, v. c. 102. 1908. Coll. M. McNeil». W. BELL, 1909, 
S. 400. (Nach Knud Jessen, briefl. Mitteil. 1946). 

[Fife und Kinross, Lindores Loch (Deep Lochs) im Jahre 1878 von Dr. 
Buchanan White und Col. Drummond Hay gepflanzt. WILLIAM YOUNG 1936]. 


England. 


14. Westmoorland. DRUCE 1982. 
15. Esthwaite Water, L. Lancashire. DRUCE 1915, S. 76. 
16. Dorset. DRUCE 19382. 


Deutschland (GUSTAV HEGI 1936). 


Mark Brandenburg. 

17-19. Paarsteiner und Brodewiner See bei Angermiinde; Mahlendorf bei 
Lychen. 

Pommern. 

20. Binowscher See bei Stettin (friiher). 

Westpreussen. 

21. Wakunter See im Kreis Flatow. 

22. Zlotow nicht weit von der Grenze Ostpreussens (GAWLOWSKA 1935). 
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Ostpreussen. 

23. Dluszek-See bei Gross Bartelsdorf im Kreis Allenstein. 

Baden. 

24. Gehrenmoos, Untersee (Bodensee) bei Hegne, NW von Konstanz (Bav- 
MANN 1911). 

& hein p fa bz. 

Roxheim (F. Zimmermann 1889). H. Paur, 1925, HEGI 1936. Nach K. Bertsch 
(briefl. Mitteilung 1943) wohl falsche Bestimmung. 


Schweiz. 


25. Schweizer Ufer des Untersees (Bodensee) bei Ermatingen. BAUMANN 
1911. Die Art ist auch von K. Bertsch im Sept. 1933 am Ort gesehen worden 
(briefl. Mitteilung). 

26. In einem Altwasser des Rheins bei Riindlingen im Kanton Schaffhausen. 
Von W. Koch im J. 1923 angetroffen worden. PAUL 1925, BAUMANN 1928; 
vel. auch G. KUMMER 1939, der bemerkt, dass die Fundstelle durch Bagger- 
arbeiten bedroht sei. 


Lettland. 


27. Usma-See (120 km WNW von Riga). »In Luzikerte, auf der Untiefe 
Luzikkalnins, in 2.5 m Tiefe, wo sie auf sandig-schlammigem Grunde, zerstreut 
in Chara fragilis-Bestanden, vorkommt». OZOLINA S. 23. 


Russland. 


Die Funde Nr. 28—33 nach den von Harald Lindberg im J. 1935 im Bota- 
nischen Museum der Akademie der Wissenschaften in Petrograd gemachten 
Aufzeichnungen, welche Dr. Lindberg mir giitigst zur Verfiigung gestellt hat. 

28. See Switez, Minsk-Nowogrudok. Leg. Lehmann 1898 (Flora Polonica 
exsiccata 783, herausgeg. von Dr. E. WOLOSZCZAK). Siehe auch GILBERT (S. 164) 
und GAWLOWSKA. Nach LEHMANN zuerst (1896) von WI. Dybowski gefunden. 

29. Mohilew, N. Downar (cfr. Bull. Soc. de Moscou 1862). 

30. Ingria, Luga. Leg. N. Winter 1926. Grosse, schéne, 20 cm lange Form. 

31. Nowgorod, Waldai. Leg. Borodin 1896. 

32. Wladimir. Leg. Flerow. 

83. Samara, Nowo-Usen. Leg. G. Borsczow 1859. 

34. Oberer Dnjepr. KoMAROW 1934, S. 273. 

85. Saoneshje, steiniges Tonufer bei Welikaja-guba (Suurlahti) im Onega- 
See, legit 7. 8. 1870 J. P. Norrlin (NORRLIN 1871, S. 170). Die Art ist im Sommer 
1943 von Mag. phil. Hans Luther in einer Tiefe von 2.5—4 m wiedergefunden 
worden (LUTHER 1945). 

86. Paljarvi, 30 km NW von Kontupohja, in einer Tiefe von 1.8—2 m, 
auf gyttjigem Boden. Gefunden im Juli 1942 von Dr. A. Vaarama (LUTHER 
1945). 

pee der Drucklegung habe ich in einem russischen Aufsatz von SUKAT- 
SCHEW (1905) noch folgende Fundorte angetroffen: 


Kreis Waldai. 
See Bologoje, 7.1895, I. P. Borodin. 
See Glubokoje gleich S vom vorigen, 9. 7. 1897, I. P. Borodin. 
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Fig. 1. Die gegenwartige und ehemalige Verbreitung von Najas flexilis in Europa. — 

Nachdem der Druckstock ftir die Karte im Jahre 1944 fertiggestellt wurde, habe ich 

von folgenden neuen Funden Kenntnis erhalten: die rezenten Funde Nr 13 a in Schott- 

land, Nr 46 in Danemark und Nr 65 in Schweden, die postglazialen Funde Nr 1 b und 

2b in Irland sowie 4 b, c in Deutschland; ausserdem die im Nachtrag (S. 25) erwahn- 
ten Funde in Finnland. 


See Piross bei Rjutinsk, 12.7 und 8. 1898, I. P. Borodin. 
See Ljutenets ca 30 km N von Piross, 4. 8. 1898 I. P. Borodin. 
See Jedrovo an der Bahnstrecke Bologoje-Nowgorod, 4. 8. 1898, I. P. Borodin. 


Kreis Kresttsy. 
See Sjtjposno unweit vom Dorf Peretno, 21. 8. 1896, I. P. Borodin. 
See Ozerno unweit vom Dorf Perestovo, 13. 7. 1896, I. P. Borodin. 


Kreis Vysjnevolotsk. 
See Klin, V. A. Transjel. 


Finnland. 


Tavastia australis. 

37. Vesijarvi, in einer bei Lehmoniemi gelegenen Bucht in einer Tiefe von 
1—2 Fuss, auf weichem Boden, sparlich unter reichlicher Najas tenuissima. 
Legit 17. 8. 1864 J. P. Norrlin (NoRRLIN 1871, S. 126). — Die Art ist spater 
von vielen Botanikern gesucht, aber nicht wiedergefunden worden. 


Schweden. 
Skane. 
38. Ovre Storesjén, Kirchspiel Perstorp, in unmittelbarer Nahe von Fossil- 
fund Nr. 1 bei SANDEGREN 1941. Einzeln auf kiesigem Steinboden in einer Tiefe 
von 0.5 m (LILLIEROTH). 
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39. Finjasj6n, Kirchspiel Broénnestad (HALLBERG, LILLIEROTH). 

40. Vastra Sorrédssjén, Kirchspiel Rieseberga. Sehr reichlich auf weichem 
Boden in einer Tiefe von 0.5 m (LILIIEROTH). 

41 a. Vastra Ringsjén (Nixsson, LIZLIEROTH). 

41 b. Ostra Ringsjon in einer Tiefe von etwa 1 m (HALLBERG). 


Uppland. 

42. Hederviken, sparlich auf Tonboden in etwa 1 m Tiefe. Héhe ii. d. M. 
7.6 m (FRIES 1850, SERNANDER). Die letzten Exemplare aus Hederviken sind 
nach SERNANDER im August 1870 gesammelt worden; spater nicht wiederge- 
funden. 


Norwegen. 


43, 44. Grudevand und Hognestadvand (bei Time) auf Jaederen. JoRGEN- 
SEN, HOLMBOE. 


Danemark. 


45. Filso in SW Jylland. Von Cand. Pharm. Sven-Erik Olsen gefunden, 
briefl. Mitteilung (Dez. 1947) von Prof. Knud Jessen. 


Sibirien. 

46. Altai, Narym-Gebiet. KomMARow 1934, S. 273. 

47. GAMS (1926) gibt einen Fund vom »Alatau» an. Mir ist es nicht gegliickt, 
in der Literatur eine andere Angabe iiber diesen Fund anzutreffen, welcher sich 
nach GAmMs Karte auf dasjenige Alatau, das S oder SE vom See Balacasch ge- 
legen ist, zu beziehen scheint. — Eine dritte Gebirgsgegend gleichen Namens 
liegt NE des Altai an der Grenze zwischen den Gouvernements Tomsk und 
Jenissei nach miindl. Angaben von Prof. J. G. Grané. 


B. Interglaziale Funde von Najas flexilis ausserhalb Finnlands. 


Danemark. 
1. N6rbGlling, reichlich, JESSEN und MILTHERS, S. 75. 
2. Sols6, (nur ein Samen), ebd. Oe ls 
8. Fovling, ebd. Oe 24552 
4. Tuesbol IT, ebd. po Se ES) 
5. Starup, ebd. , S. 190. 
Deutschland. 


Schleswig-Holstein. 

6. Loopstedt bei Schleswig, JESSEN und MILTHERs S. 301. 

Rendsburg, Griinenthal (Kaiser Wilhelm-Kanal). WEBER 1902, S. 163. 
Hamburg: 

a. Ohlsdorf, STOLLER 1908, S. 118. 

b. Bramfeld, BEYLE 1933. 

ce. Billstedt (Ojendorff), BEYLE und GRIPP 1937, S. 26. 

d. Altona, Jenischstrasse, BEYLE und KOLUMBE 1935; 1940, S. 69. 


7. 
8. 
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e. Winterhude. Horn 1912, S. 132, vgl. auch die nachfolgenden Diskus- 
sionen: GAGEL, KOERT, MENZEL; BEYLE 1931. 
{. Winterhude, »wo N. flexilis beim Bau des Polizei-Kleinkaliber-Schiess- 
standes entdeckt wurde». Beyle, briefl. Mitteilung (nicht veroff.). 
g. Alsterkrug, »wo N. flexilis bei der Regulierung des Alsterlaufes gefun- 
den wurde». Beyle, briefl. Mitteilung (nicht verd6ff.). 
h. Bundesstrasse, »wo man N. flexilis beim Bau einer Schule auffand». 
Beyle, briefl. Mitteilung (nicht verd6ff.). 
Hannover. 
9. Honerdingen bei Walsrode, 60 km ESE von Bremen. WEBER 1895, S. 151; 
1896, S. 434; 1902, S. 112. Reichliche Fossilliste (91 Sp.). 
Brandenburg. 
10. Kohlhasenbriick (Teltowkanal) gleich S von Berlin. STOLLER 1926, 
Sues: 
11. Motzen ca. 35 km SE von Berlin. STOLLER 1908, S. 108. 
12. Rinnersdorf nahe bei Schwiebus. HECK 1928, S. 1122; STARK, FIRBAS, 
OVERBECK, 1932, S. 112 und Diagramm, Tafel ITI. 
Hessen. 
18. Schwanheim bei Mainz. BAas 1932. 


Schweiz. 


Nach STARK (1925, S. 78) erwahnen FRUH und SCHROTER einen interglazialen 
Najas flexilis-Fund. Trotz eifrigen Suchens habe ich diese Angabe bei FRUH 
und SCHROTER nicht wiederfinden konnen. 


Polen. 


Karte bei DOKTUROWSKy 1929 S. 389 und 1932, S. 248. Vgl. auch GAw- 
LOWSKA. 

14. Hamarnia am Fluss Lubaczowka bei Jaroslaw. SZAFER 1931. 

15. Dorf Zydowszczyzna bei Grodno am Niemen. SZAFER 1925. Siehe auch 
STARK, FIRBAS, OVERBECK, Diagramm Tafel III. 

16. Dorf Samostrzelniki 30 km E von Grodno. SZAFER 1925. Vgl. DoKTu- 
ROWSKY 1925 und 1929, S. 407. 


Russland. 


Karte bei DOKTUROWSKY 1929 S. 389 und 1932 S. 248. 

17. Dorf Potylicha in der Nahe von Moskau. SUKATSCHEW 1936. 

18. Dorf Borak, Gouv. Twer, Kreis Beshetz (Berschetzk) am Fluss Me- 
letsche. DOKTUROWSKY 1925, S. 83. 

19. Stadt Galitsch, Gouv. Kostroma. DOKTUROWSKY 1925, S. 84; 1929 
S. 407. 


C. Postglaziale Funde von Najas flexilis ausserhalb Finnlands. 
Irland. 


1 a. Newferry, Co. Londonderry, KNuD JESSEN 1936. Boreale Najas flexilis. 
1 b. Moor bei Cloughmills, Co. Antrim. Boreale N. flexilis nach Knud Jessen, 
brielf. Mitteil. (nicht ver6ff.). 


ACTA BOTANICA FENNICA 43 


2 a. Moor bei Roundstone, 
Co. Galway. Boreale N. flexilis 
nach Knud Jessen, briefl. Mit- 
teil. (nicht verdff.). 

2b. Parish Ardstraw, Town- 
lands Barons Court, Co. Ty- 
rone. Nicht verédff. Manuskript 
von G. F. Mitchell, nach Knud 
Jessen, briefl. Mitteil. 1945, bo- 
reale N. flexilis. 


England. 


3. West-Wales, Tregaron, 
Cardiganshire, bei River Teifi. 
GODWIN and MITCHELL 1938, p. 
447. Boreale Najas flexilis. 


Deutschland. 


Sachsen. 

4 a. Calbe an der Milde, Alt- 
mark. WIEGERS 1929, S. 112. 

Hannover. 

4b, e. Luttersee und Seebur- 
ger See, KURT STEINBERG 1944. 

Oberdonan. 

5. Ibmer Moor. Helmut Gams, 
briefl. Mitteil. (nicht ver6ff.). 

det tro ls 

6. Schwarzsee bei Kitzbiichel 
(800 miu. d. M.) und in den an- 
grenzenden Mooren wiederholt 
und zahlreich in der Diatomeen- 
Gyttja der borealen Eichenmi- 
schwaldzeit und Fichtenzeit bis 
an die untere Grenze der Buchen- 
Tannenzeit zusammen mit mas- 
senhaften Resten von Cevrato- 
phyllum demersum. Von SARNT- 
HEIN 1944, nach briefl. Mittei- 
lung von Helmut Gams. 

7. Egelsee bei Kufstein (570m 
ii.d.M.) in Ablagerungen glei- 
chen Alters wie bei Nr. 6. von 
SARNTHEIN 1944, nach briefl. 
Mitteilung von Helmut Gams. 

8. Lansermoor bei Inns- 
bruck, 811 m ii. d. M. Helmut 
Gams, briefl. Mitteil. (auch bei 
v. SARNTHEIN). 
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Fig. 2. Die gegenwdrtige und postglaziale Verbreitung von Najas flexilis in den Alpen. 
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Oberbayern. 

9. Kirchseeoner Moor (yan manchen Stellen in Menge») bei Grafing im Inn- 
gebiet. Atlantische Najas flexilis. PAUL, 1924, PAUL und RUOFF S. 48. 

10. Moor am Essee im Isargebiet. Paul, und RuoFF 1927, S. 79. 


Wirttemberg. 

11. Federseemoor. K. BERTSCH 1931, auch briefl. Mitteil. 1943. (Vgl. GAMs 
1923, Tafel 20). 

a. Riedschachensiedlung (Steinhauser Ried bei Schussenried. PAUL 

1924). Kalkmudde (Mittel-Steinzeit), Lebermudde (Jung-Steinzeit). 

b. Wasserburg, Kalkmudde (Jung-Steinzeit) und Kulturschicht (Bronze- 
zeit). 

ce. Dullenried, Kulturschicht (Bronzezeit). 

d. Seelenhofer Ried, Kalkmudde (Jung-Steinzeit). 

e. Siedlung an der Ach bei Seekirch, Kulturschicht (Bronzezeit). 

f. Siedlung Forschner, Kulturschicht (Bronzezeit). 

g. Allgemeines Ried, an mehreren Stellen in der Kalkmudde (Bronze- 
zeit). 

h. Pfahlwerk und Einbaume in Steinhauser Ried, Lebermudde (Bronze- 
zeit). 

i. Lebermudde unter der Weganlage im Egelsee (Bronzezeit). 

12. Enzisholzried bei Schussenried, Kreis Biberach, Lebermudde (Hall- 
stattzeit). K. BERTSCH 1928. 

13. Pfahlbau Reute bei Waldsee, Kreis Ravensburg, Lebermudde (Jung- 
Steinzeit). K. Bertsch, briefl. Mitteil. (O. PARET in »Fundberichte aus Schwa- 
ben» 1936). ; 

14. Himmelreichmoos bei Ravensburg, Lebermudde (Jung-Steinzeit). K. 
BERTSCH 1929. 

Baden. 

15. Haidelmoos bei Wollmattingen (Konstanz). Die Samen (massenhaft) 
wurden von PETER STARK 1923 gefunden und als Najas minor angesprochen, 
von PaAvr 1924 als N. flexilis erkannt. PETER STARK 1925 S. 17. Der Fund 
atlantisch nach Paul, 1924. 

16. Moor in Espenacker 4 km 6stlich vom rezenten Fundplatz bei Hegne 
auf der Bodenhalbinsel. Dieser Fund »Jasst sich des Pollenmangels wegen zeit- 
lich nicht datieren». PETER STARK 1927, S. 170. 


Schweiz. 


17. Pfahlbau »Weiher» bei Thayingen, Kanton Schaffhausen, 456 m ii. d. M. 
Die Samen wurden von H. Gams 1921 in grosser Menge in atlantischer Leber- 
mudde gefunden. Paul 1925, GAMS 1926, K. BERTSCH 1928, S. 110, KELLER 
1928, S. 48. 


Italien. 


18. Torfmoor Polada, westlich von der SW-Ecke des Lago di Garda, »un- 
erhérte Mengen» Samen. Der Fund ist schon im Mai 1893 gemacht worden, 
ANDERSSON 1910, S. 8. »Féhrenzeit», KELLER 1931, S. 79. 
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Lettland. 


Siehe Karte bei GILBERT 1939, S. 164 und GALENIEKS 1935, S. 591. 

19. Lacu purvs bei Kreuzburg (Jekabpils) an der Diina. Samen von Najas 
flexilis von Helmut Gams im Jahre 1926 gefunden. GALENIEKS, 1931 S. 386. 

20. Gerlaku-purvs bei Diina- 
burg (Daugavpils). Zahlreiche Sa- Overrorned, Mirvyjcirvi 
men von N. flexilis in einer Tiefe Pee on ae oo es eh Jobe 
von 8m. Der Fund boreal. GALE- %7— os 
NIEKS 1931, S. 386; 1935, S. 633 
(Pollendiagramm). 

21. Aglona. GALENIEKS 1931, 
S. 386. 

22. Dagdas purvs. Viele Samen 
der N. flexilis in einer Tiefe von 
6.5—7 m. Der Fund boreal. GALE- 
NIEKS 1935, S. 634 (Pollendia- 
gramm). 


Lo 


-C1—T/ 14 


Russland. 


23. Pskow, bei der Eisenbahn- 72 
tation Kokui. DOKTUROWSKY 1922, 
S. 186. 

24. Wologda (?), nahe an der 2, 
Grenze des Olonezschen und des 
Archangelschen Gouvernements. 
DOKTUROWSKY 1925, Karte S. 108. 

25. Aus der Umgebung von 
Kantalaks (Karelia keretina) gibt 
DOKTUROWSKY (1925, Karte S. 108) 
einen Fossilfund an, der auch von 
SAMUELSSON 1934 aufgenommen ist. 


der Ancylussee : 
f 


Schweden. 
26-64. Uber das Vorkommen yon Rangela Sandegren 1948. 
Najas flexilis in Schweden in der Fig. 3. Pollendiagramm von Overtorned, 
Postglazialzeit erstattet SANDE- Schweden. Zeichenerklarung S. 16. 


GREN 1920, 1932 und 1941 Bericht. 

Im letzterwahnten Jahre waren 39 Fossilfunde bekannt; davon gehéren 31 
zur borealen, 4 zur atlantischen und 4 zur subborealen Zeit. Wie aus der 
Karte S. 6 hervorgeht, sind die meisten Funde in Smaland, Ostergétland 
und Vastergétland gemacht worden. Der nérdlichste Fund aus Gastrikland, 
60°35’ N. Br. 

65. Overtornea, Hirvijarvi, Reisermoor beim Ausfluss des Sees, 4 km von 
der Grenze des Kirchspiels Korpilombolo (66°27’ N. Br.). H. ii. M. 118 m, 1.6m 
tief. — Najas flexilis 3 Samen, neben u. a. einz. Batrachium, Carex diandra, 
Myriophyllum spicatum, Zannichellia repens. Pollendiagrem Fig. 3. 
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Norwegen. 


66. Jaederen, Kjellinglandmyr. HOLMBOE 1903. 


67. » Skaseimyr. » 1903. 

68. » Oksnevadtjern. » 1903. 

69. » Skeievand, 6 m ii. d. M. HOLMBOE 1903. 

70. » Hojlandsvand, 3—4 m ii. d. M. (Holmboe bei BRoGGER 1909). 


71. Lister, Hellemyr, 12—15 m i. d. M. HOLMBOE 1903. 


D. Postglaziale Funde von Najas flexilis in Finnland. 


Alandia (Al). 


Kirchspiel Hammarland. (Vergl. die Karte bei BACKMAN 1934 
und 1943). 

1 (23).1 Samuelstorp-Moor (innerhalb der Dorfgemeinde Torp), am Ablauf- 
graben 600 m unterhalb des Langtrask-Sees. H. ti. M. 12 m, 1 m tief. Im oberen 
Teil der 30 cm machtigen Gyttja wurden 2 Najas flexilis-Samen angetroffen. 

2 (22). Kartrask-Moor 1 km W des vorigen. H. ii. M. 13 m, 2.7 m tief. Das 
Schlammen einer machtigen Gyttja-Probe ergab 6 Samen von Najas flexilis. 

8 (19). Oxpina, bebautes Moor beim Pfarrhof, 10.5 m ii. M., 1.1 m tief (vgl. 
BACKMAN 1937). 

Kirchspiel Lemland. 

4 (30). Bruchmoor SW des Bengtsbéletrask. 1 Samen von N. flexilis. 
H. ii. M. 16 m, 2.1 m tief. 


Nylandia (N). 


Kirchspiel Nurmijarvi. 

5. Rinteensuo (-Moor) S vom See Kytéjarvi im nérdlichen Teil des Kirch- 
spiels. H. ii. M. etwa 88 m. In einer von Agronom Kullberg 1908 aufbewahrten 
Probe von schlammgemischtem Tonsand aus einer Tiefe von 2 m fand HARALD 
LINDBERG (1910a S. 75 und 1914a, S. 316, und b S. 257) beim Schlammen 3 
Samen von N. flexilis sowie 1% Samen von Najas tenuissima. Die Probe ent- 
hielt gewéhnliche Siisswasserdiatomeen, Eine Lehmprobe aus 3.5 m war ty- 
pischer Ancylus-Ton. 


Isthmus karelicus (Ik). 


Kirchspiel Pyhajarvi. 

6. Rautakorpi bei Sortanlaks, gefunden im J. 1894 in grosser Menge von 
GUNNAR ANDERSSON (1898 S. 107). 

Kirchspiel Sakkola. 

7. Hoflager Sakkola beim Suvanto-See. Najas flexilis ist. im J. 1897 von 
HARALD LINDBERG (1900 S. 54 u. 1910 b S. 183) in reichem Schwemmtorf 
mit u. a. Acer, Corylus, Fraxinus, Quercus, Tilia, Carex pseudocyperus, Malachium 
aquaticum, Rumex maritimus, R. hydrolapathum, Sparganium vamosum gefunden 
worden. 


' Die eingeklammerten Ziffern sind die gleichen wie bei BACKMAN 1934, 1941, 1943. 


ACTA BOTANICA FENNICA 43 13 


Nayos flerilis in 
Ostrobotinia borealis 


0/00-//7 postg/az. Funde 


Fig. 4. Postglaziale Funde von Najas flexilis in Nord-Osterbotten. 


Kirchspiel Kivineb b (Korpikyla—Linutula Staatsforst, vgl. die 


Karte bei CAJANDER 1913 S. 24). 

8. Kenkasaarensuo. H. ii. M. 144 m, 2 m tief. Beim Schlammen von Gyttja- 
Proben, die in den Jahren 1911 und 1912 mit dem Torfbohrer genommen waren, 
wurden 20 Samen von N. flexilis sowie u. a. Batrachium sp. und Myriophyllum 


spicatum erhalten. 
9. Rajakorpi, 5 km NE des vorigen. H. ii. M. etwa 145 im, 2.7 m tief. 
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Fig. 5. Postglaziale Funde von Najas flexilis in Mittel-Osterbotten. 


Satakunta (St). 


Kirchspiel Huittinen (Hvittis). 

10. Ilmiénsuo, 15 km SE vom Kirchdorf Huittinen, an der Grenze des 
Kirchspiels Punkalaidun. In einer mit Gyttja gemengten Schlammbildung fand 
LINDBERG (1910 a S. 75 und 1916 aS. 185) 2 Samen von Najas flexilis nebst 4 
Samen von Carex pseudocyperus, Blattstacheln von Ceratophyllum demersum 
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und sparl. Pinnularia spp. In 8.3 m tiefem Lehmsand mit Ancylus-Diatomeen. 
Het. My ca..85 m. 

Bireispiel [kalis: 

11. Silmakkeidenmaa-Moor. H. ii. M. etwa 115 m, 3.30 m tief, Bei seinen 
recht ausgedehnten pflanzenpaladontologischen Untersuchungen in Satakunta 
hat AARIO (1932 S. 154; Pollendia- 
gramm, Beilage V:97) Najas flexilis Sievi, Kirkkoneva 
fossil nur in diesem Moor angetroffen. gle git SY SEL ap ean adeneahee UY 3 

migehs piel@P am ark. 

12. Kortelammenkeidas, gelegen 
auf beiden Seiten der Landstrasse und 
der Hisenbahn. H. ii. M. 51 m, Tiefe 
4 m. Pollendiagramm Nr. 86 bei 
AARIO. Der Najas flexilis-Fund ist von S 
Backman 1939 gemacht. Z 

Kirchspiel Siikainen. Z 

13. Navettaneva, nahe an AARIOS z 
(1932) ehemaligem See Nr. 62 gele- E 
gen, 8 km NNW vom Kirchdorf, 2 km g 


1s 


von der Kirchspielsgrenze von Sast- 
mola, S vom Kathnerhaus Majamaki. “°? 
H. ii. M. auf etwa 53 m geschatzt, 
Tiefe 2.7 m. Der Fund ist von Back- 
man 1939 gemacht. 


Nh 
co 


Karelia borealis (Kb). 
Kirethspiel Kontiolahti?. = 


14. Vor einigen Jahren fand ich bei 
der Durchmusterung der Pflanzen- a 
fossilsammlung des Finnischen Moor- 95-4333 ee! 14 2% 
kulturvereins ein Glasréhrchen mit = : Ai ae 


einigen Samen von Najas flexilis, die 

von Harald Lindberg vor etwa 30 Fig 6, Pollendiagramm von Sievi. Zeichener- 
Jahren in der Gegend des Sees Héy- klarung S. 16. 

tidinen gefunden worden waren. Der 

Fund ist nicht ver6ffentlicht worden und auf meine Anfrage hat sich Prof. 
Lindberg der Einzelheiten nicht erinnern kénnen. 


Ostrobottnia media (Om). 


Kirchspiel Nedervetil. (Die Waldparzelle der Kirchengemeinde 
Gamlakarleby im E-Teil des Kirchspiels). 

15. (265)!. Kirkkokunnanhaka gerade W vom Fluss Ullava. H. ii. M. 62 m, 
Tiefe 1.8 m. Eine Gyttja-Probe enthielt 18 Samen von Najas flexilis. 

16 (366 b). Blackismossen an der Kirchspielsgrenze von Kaustby, 2 km SE 
yom vorigen. H. ii. M. 67 m, Passpunkt etwa 65.5 m, Tiefe 3 m. 


1 Die eingeklammerten Ziffern sind die gleichen wie bei BACKMAN 1939. 
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Fig. 7. Zeichenerklarung. 
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Staatsforst an der Land- 
strasse nach Soini, 2 km 
NE vom See Iso-R4yrinki- 
jarvi. H. ii. M. 120 m, Tiefe 
470m 
Kirchspiel Perho. 
20 (335). Hoikkalampi 


rT 


unweit des Forstgehéfts Niemela an der Landstrasse nach dem Kirchdorf Kivi- 
jarvi, 1 km von der Grenze des Kirchspiels. H. ii. M. mindestens 170 m, Tiefe 
3 m. Aus einer Gyttja-Probe wurden 14 Samen von N. flexilis erhalten. 
21 (336). Reisermoor bei Kangaslampi, 0.5 km W vom vorigen. H. ii. M. 
mindestens 170 m, Tiefe 4.2 m. Gyttja-Tonerde mit 21 Samen von Najas flexilis. 
22 (317). Hangasneva W von Penninkilampi. H. ii. M. 170 m, Tiefe 2.7 m. 
Eine magere Probe von Gyttja enthielt 10 Samen von N. flexilis. 


Kite hs piele ics tijarenis 
23 (302). Iso-Lampineva zwischen der Miindung des Flusses Lestijoki und 
der Lansgrenze. H. ii. M. 145 m, Tiefe 3 m. 


Meryarvi. Latvalamp! 


49.0m 


10 20 30 40 50 60% 


Fig. 8. Pollendiagramm von Meri- 


jarvi. 


24 (298). Reisermoor Rimpineva SE vom 
See Iso-Valkiainen, 7 km vom vorigen. H. 
ii. M. 149 m, Tiefe 5 m. 

25 (297). Weissmoor bei der Waldeisen- 
bahn, unmittelbar N vom kleinen Weiher 
Sammakkolampi, 800 m E der Landstrasse. 
H. ii. M. 150 m, Tiefe 4.2 m. 

26 (294). Der nordwestliche Teil des Weiss- 
moors Valkiaisneva, 900 m W von der Wald- 
eisenbahn von Eskola, 2 km S von Iso-Heino- 
nen. H. ti.M.147m, Tiefe 3.7 m. Die Gyttja- 
Tonerde enthielt 24 Samen von N. flevilis. 

27 (292). Torfmoor bei der Standlinie 
zwischen dem Weiher Iso-Heinonen und Sy- 
rinkangas, 800 m SE vom kleinen Weiher 
Lapinahonlampi. H. ii. M. 141 m, Tiefe 3.1m. 
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Fig. 9 und 10. Pollendiagramme von 
Haapajarvi und Karsamaki. Zeichener- 
klarung S. 16. 


28 (293 b). Reisermoor 400 m E vom vorherg. H. ii. M. 146 m, Tiefe 2.8 m. 

29 (289). Weissmoor am siidlichen Ufer von Iso-Heinonen. H. ii. M. 144 m, 
miefe 4.6 m. 

30 (286). Der nérdliche Teil des Weissmoors Isoneva, 400 m E von der 
Waldeisenbahn, zwischen dem Fluss Lestijoki und dem Weiher Iso-Heinonen. 
H. ii. M. 146 m, Tiefe 3.5 m. 

Kinchspicel Toheolam pi. 

81 (277). Murennusneva in der Nahe des Flusses Lestijoki und des Forst- 
gehéfts Kalliokoski, 1.5 km von der Kirchspielgrenze von Lestijarvi. H. ii. M. 
Poe iecl jefe. 2m. 

32 (270). Reisermoor in der Vertiefung eines Oses bei Itajoki, 3.5 km E 
vom See Kivijarvi, 1.6 km von der Lansgrenze. H. ii. M. c. 117 m, Tiefe 2.3 m. 

33 (266). Pottalanneva an der I,andstrasse nach Sievi, 5 km von der Lans- 
grenze. H. ii. M. 108 m, Tiefe 2.3 m. 

84 (255). Reisermoor beim Pieni-Saijanjarvi, in der Nahe der Landstrasse 
nach Sievi, 1 km von der Lansgrenze. H. ii. M. 109 m, Tiefe 2.2 m. 

35 u. 86. Vom Jahre 1922 liegen noch zwei Funde vor, leider sind die 
Feldaufzeichnungen abhanden gekommen. An der einen Stelle wurde 1, an der 
anderen 12 Najas flexilis-Samen ethalten. H. ii. M. etwa 120—130 m. 

Mirchspiel Reisjarvi. 

37 (252 a). Weissmoor 300 m von der Grenze des Kirchspiels Sievi, NE vom 
Pitkajarvi. H. ii. M. etwa 127 m, Tiefe 3.8 m. 
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Kirche piel, Sieyva 

Die zahlreichen Fossilfunde 
verteilen sich folgendermassen: 
Nr. 38—46. Staatsforst Iso Sydan- 
maa von der Kirchspielgrenze Ni- 
vala im N bis zur Landstrasse 
nach Reisjarviim SW. — Nr. 47— 
52. Staatsforst Etela-Sydanmaa 
zwischen Vaarajoki und der Land- 
strasse nach Reisjarvi. — Nr. 
53—70. Staatsforst Etela-Sydan- 
maa zwischen Vaarajoki und der 
Kirchspielgrenze von Toholampi, 
in der Néhe der Waldeisenbahn 
von Eskola. 

38 (191 a). Pitkaneva, 12 km 
S vom Kirchdorf Nivala, 3 km 
ENE vom See Lahnajarvi. H. ii. 
M. 129 m, Tiefe 4 im: 

89 (195). Reisermoor 0.5 km 
vom Lahnajarvi. H. ii. M. 125 m, 
Tiefe 3.2 m. 


ne 


40 (196). Maanpirtinrame 2 km 
W vom Lahnajarvi. H. i. M. 122 
m, Tiefe 2.1 m. 

41 (199). Reisermoor Lankku- 
rame auf privatem Boden 3 km 
W vom vorherg. zwischen Sarki- 
jarvi und dem Bauernhof Korkia- 
koski (Isokoski). H. ii. M. etwa 
428 m, Tiefe 2.3 m. 


42 (200). Pesaneva, 1.5 km SW 
vom Lahnajarvi. H. ii. M. 123 m, 
Tiefe 4.8 m. 

43 (201). Reisermoor SW vom Iso-Suojarvi. H. ii. M. 145 m, Tiefe 2.6 m. 

44 (202 a). Reisermoor 4 km E vom Forstgehéft Teeriharju und der Land- 
strasse nach Reisjérvi (nahe an der Standlinie). H. ii. M. 137 m, Tiefe 3.8 m. 

45 (202 b). Reisermoor 2 km E von Teeriharju. H.ii.M. 140 m, Tiefe 
238507) 1 

46 (203 a). Weissmoor beim Ahvenlampi gleich E von Teeriharju. H. ii. M. 
etwa 142 m, Tiefe 4 m. 

47 (204 a). Weissmoor 1.5 km NW von Teeriharju, nahe bei dem kleinen 
Weiher SE von Maansydaémenjarvi. H. ii. M. c. 137 m. 

48 (204 b). Reisermoor eben W vom Maansydimenjarvi. H. ii. M. ca. 137 m, 
Tiefe 2—3 m. 

49 (205). Salmijarvenneva 0.5 km unterhalb (NW) des 7 km WNW 
vom Maansydémenjarvi gelegenen Sees Salmijarvi. H. ii. M. 124 m, Tiefe 
2.9 m. 


a a 


; \ 
/ 
UN 
ie 


Fig. 11. Pollendiagramm von Ka§arsaimaki. 
Zeichenerklérung S. 16. 
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50 (206). Salmijarvenneva, 1 
km SE vom See Salmijarvi. H. 
u. M. 125 m, Tiefe 4 m. 

51 (207). Weissmoor 0.5 km 
N von der Waldeisenbahn nach 
Eskola, 2 km S vom Salmijarvi. 
H. ti. M. 127 m, Tiefe 3.5 m. 

52 (208). Reisermoor 0.5 km E 
von der Stromschnelle Kurkikaan- 
ne in Vaarajoki, 1 km S vom vor- 
herg. H. ii. M. 127 m, Tiefe 3.4 m. 

53° (251). Reisermoor am SW- 
Ufer des Sees Pitkajarvi, nahe an 
der Grenze des Kirchspiels Reis- 
jarvi. H. ii. M. 128 m, Tiefe 2.9m. 

54 (250 b). Reisermoor am 
Bach des Sees Pirttijarvi, 200 m 
von der Grenze des Kirchspiels 
Reisjarvi (1.2 km vom Pitkajarvi). 
linea 471 t tere 2) 5 mm 

55 (247). Weissmoor 2.5 km E 
von der Lansgrenze und N vom 
See Aittojarvi. H. i. M. 126 m, 
Tiefe 2.6 m. 

56 (245). Reisermoor W vom 
Weiher Kolmisoppi, nahe an der 
Waldeisenbahn nach Eskola. H. 
u. M. 126 m, Tiefe 4.1 m. 


KEP S8MAK/, SAQVNCVAO 


py l0om 10 20 30 40 50 60 70 80 90 100% 


“650, 
oes 
soe 


pla" b 


57 (243). Weissmoor nahe am Weiher Syva-Hattulampi. H. ii. M. 126 m, 


Tiefe 4.5 m. 


58 (242 b). Reisermoor nahe an der Waldeisenbahn gerade unterhalb des 


Pelso, Tuul/suo 


106m 70 20 30 40 50 60 70 80 90% 


6. 
oe eee ee ee 
= a 


Bahnwarterhauses Itdoja. H. ii. 
M. 123 m, Tiefe 4m. 

59 (240 b). Reisermoor nahe 
an der Waldeisenbahn, gleich SE 
von Kalliosaari beim Katiska- 
jarvi. Hui. M: 134 m) Tiefe 2% 
(—3.5) m. 

60 (229). Weissmoor bei Peta- 
jakangas, 5km ENE vom Katiska- 


jarvi. H. tic M. 110m, Tiefe 3m. 
61 (228). Weissmoor 1.6 km 


E von Sdilynmaki, nahe an der 


Staatsgrenze. H. ti. M. 111 m, 
Tiefe 3.6 m. 
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Fig. 12 und 13. Pollendiagramme von Karsa- 


62 (227). Weissmoor bei Etela- 
lampi, 7 km SSE von dem Kirch- 
dorf von Sievi. H. ti. M. 113 m, 


miki und Pelso. Zeichenerklarung S. 16. Tiefe 3.6 m. 
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M. 110 m, Tiefe 3.6 m. Viele Sa- ~ erent ert fa 


men. 

64 (223). Reisermoor 600 m NW 
vom Gut Kanalanmaki, 2.6 km NE vom See Maansydaémenjarvi. H. i. M. 
102 m, Tiefe 2.3 m. 

65 (221). Reisermoor Lananneva, 1 km E vom See 
H. ii. M. 107 m (Passp. 103 m), Tiefe 4 m. 

66 (220). Reisermoor 30 m vom Bahnwiarterhaus Ristilé, 15 km von 
der Eisenbahnstation Eskola. H. ii. M. 109.5 m (Passp. 107.9 m), Tiefe 
PAY G05. 

67 (219). Ahvenanmaanneva, 300 m von Ristilaé, an der Landstrasse nach 
Toholampi. H. ii. M. 109 m (Passp. um 107 m), Tiefe 3.2 m. 

68 (217). Kiefernreisermoor an der Lansgrenze W vom Maansydadmenjarvi. 
H. ti. M. 109 m, Tiefe 3.3 m. 

69 (216). Arkkuinneva, Weissmoor an der Waldbahn, 1 km NW vom See 
Maansydamenjarvi. H. ii. M. 110 m (Passp. um 107.5 m), Tiefe 3.3 m. 

70 (213 a). Moor Maunonsalonrame an der Waldbahn. H. ii. M. 103.5 m 
(Passp. 101 m), Tiefe 3.2 m. 

71 (172). Staatsforst Kukko, Seggenmoor nahe an der EKisenbahn, fast 2 km 
von der Kirchspielgrenze von Kannus. H. ii. M. 80 m, Tiefe 2.8 m. 


72 (185). Weissmoor Kirkkoneva, auf Privatboden an der Landstrasse, 
3 km SE von der Eisenbahnstation Sievi. H. ii. M. 78 m, Tiefe 3.8 m. — Pollen- 
diagramm Fig. 6. 


Maansydamenjarvi. 
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erchs piel aut io; 

73 (170). Taipaleenneva, unmittelbar W der Landstrasse, 4 km von der 
Kirchspielgrenze von Sievi. H. ii. M. 60 m, Tiefe 3.5 m. 

74 (169). Weissmoor Sivakkaneva 1 km E vom Pfarrhaus. H. ii. M. um 40 m, 
Tiefe 2.8 m. 

Wirchspiel Merij ar v i. 

75 (99). Weissmoor bei Latvalampi, gelegen an der Grenze des Kirchspiels 
Alavieska. H. ii. M. 48 m, Tiefe 1.6 m. Pollendiagramm Fig. 8. 

Kitechspiel VY liviesk a. 

76 (181). Weissmoor Iso-MAllineva im Staatsforst Kahtava, 3 km SE vom 
See Iso-Kahtava und der Eisenbahn. H. ii. M. 82 m, Tiefe 3 m. 

77 (133). Weissmoor in der NE-Ecke des Kirchspiels, 1 km von der Kirch- 
spielgrenze von Haapavesi und Nivala. H. ii. M. 110 m, Tiefe 1.9 m. 

Kirchspiel Nivala. 

78 (115). Weissmoor Vaha-Kotaneva im Staatsforst Isokangas, 2 km von 
der Kirchspielgrenze von Haapavesi. H. ii. M. 113 m, Tiefe 3 m. 

iste nisi piel Ep ara p aja tr vi. 

79 (134). Lamminneva im N-Teil des Kirchspiels, 3 km von der Kirchspiel- 
grenze von Nivala, 7 km vom Fluss Kalajoki. H. ii. M. etwa 85 m, Tiefe 2.9 m. 
Hine kleine Gyttja-Probe enthielt 10 Samen von N. flexilis nebst 2 von N. te- 
nuissima. 

80 (140). Pohjola, Reisermoor am N-Teil vom Nokkoudenjarvi, 6 km NE 
von der Kirche. H. ti. M. 136 m, Tiefe 2.6 m. Eine Bohrprobe von Gyttja mit 
wenig Lehm enthielt 55 Samen von N. flexilis. Pollendiagramm Fig. 9. 

Keine his pitied Kyairs an 4 ki 

81 (125). Weissmoor Rahkaneva (Staatsforst Haapamankangas) in der W- 
Ecke des Kirchspiels, 2 km SW vom Fluss Pyhajoki. H. ii. M. 126 m, Tiefe 5 m. 

82 (126). Weissmoor Hankilanneva an der Wasserscheide zwischen den 
Fliissen Pyhajoki und Kalajoki, nahe an der Kirchspielgrenze von Haapajarvi 
und Haapavesi. H. iti. M. 136 m, Tiefe 4.3 m. 


83 (128). Vellihonganneva nahe an der Kirchspielgrenze von Haapajarvi, 
3 km SE von der Landstrasse nach Haapajarvi. H. ii. M. 141 m, Tiefe 2.4 m. 

84 (130). Reisermoor Kurkineva 0.5 km SE von der Landstrasse von Haapa- 
jarvi, 2 km von der Kirchspielgrenze. H. ti. M. 130 m, Tiefe 2.2 m. 

85 (62). Weissmoor Hangasneva (Staatsforst Sydanmaa) nahe an der Kirch- 
spielgrenze von Pyhanté, W vom See Iso-Lamujarvi. H.ii.M. 139 m, Tiefe 
3.8 m. Pollendiagramm Fig. 10. 

86 (67). Karsdémanneva, gelegen 1 km S vom Karsamanjoki, 8 km SW vom 
vorigen. H. ii. M. 116 m, Tiefe 4.4 m. — Pollendiagramm Fig. 11. 

87 (61). Paretpuunrame (Staatsforst Jylhanjarvi), 2 km von der Kirchspiel- 
gtenze von Piippola. H. ii. M. 126 m, Tiefe 3 m. 

88 (56). Jylhanneva nahe vom Jylhanjarvi. H. ii. M. 116 m, Tiefe 2.6—4.3 m, 

89 (57). Savineva SE vom Savilampi. H. ti. M. 116 m, Tiefe 4 m. 

90 (54). Oberes Rimpineva (Staatsforst Ristisenjarvi) 1 km SW von dem 
an der Kirchspielgrenze von Piippola gelegenen Weiher Ristisenjarvi. H. ii. M. 
418 m, Tiefe 1.9 m. 

91 (55). Weissmoor am kleinen Weiher Rimpilampi 400m SW vom vo- 
rigen. H. ii. M. 116 m, Tiefe 1.3—5.0 m. 
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92 (52). Reisermoor Paskonrame (Staatsforst Onkilampi) 2 km von der 
Kirchspielgrenze von Piippola und Haapavesi. H. ii. M. 177 m, Tiefe 24 m. 

93 (51). Weissmoor Onkineva 1 km SW vom vorigen am oberen Teil von 
Piipsanoja. H. ii. M. 112 m, Tiefe 3.2—4.5 m. 

94 (50). Weissmoor Rimpineva, gelegen 1 km von der Grenze gegen Haapa- 
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Fig. 16. 


Be ES 
ka Le NS = 

Bee Ss ee a a PS 
Baie 
el Gee PS te 
GM EER SLT Al) Be 
a 4 es ee ee 
0 Ei Se ee en a Ea 
BRA OE Sash Sed a es a 
DP, EN eS a OY Oe 

a it Pe sy 
Of co Ulm 

Toa en a 
ney om, cae Poa ae 
> ed aaa BES ee ESE RE 
EEE 

d MS 

Se 
eat A 
oe) a Cees Sa ree 


Pollendiagramm 
Zeichenerklérung S. 16. 


von Rovaniemi. 


vesi, 3 km NE von der Land- 
strasse nach Haapavesi. H. ii. M. 
414 m, Tiefe 2.75 m. 

95 (47). Weissmoor Kintas- 
ahonrame, gelegen zwischen dem 
vorigen und dem Landgut Mden- 
paa. H. ii. M. 114 m, Tiefe 2.4— 
4.2m. Die ausserordentlich reiche 
Fossilflora hat mich schon seit 
dem Jahre 1915 interessiert. In 
der Lehmgyttja sporadisch Najas 
flexilis sowie u. a. N. tenuissima 
(reichlich), Dryopteris Thelypierts, 
Stratiotes aloides, Carex pseudocy- 
perus, Cevatophyllum demersum, 
Myriophyllum spicatum und Lyco- 
pus europaeus angetroffen. 

96 (46). Reisermoor Saarineva, 
gelegen auf Privatboden an der 
Landstrasse nach Haapavesi, 1.5 
km von der Kirchspielgrenze. H. 
ii. M. 111 m, Tiefe 1.7 m. Pollen- 
diagramm Fig. 12. 

Kirchspiel Haapavesi. 

97 (45). Piipsanneva. In die- 
sem grossen, von mir genau unter- 
suchten Weissmoor sind Samen 
ven N. flexilis nur sparlich und 
solche von N, tenuissima reichlich 
angetroffen worden. H. ii. M. 95 
m, Tiefe 3—5 m. 

Kirchspiel Oulainen. 


98 (42). Weissmoor Hirvineva im E-Teil des Kirchspiels, 3 km WNW vom 
Abfluss des Sees Pirnesjarvi. H. ii. M. 110 m, Tiefe 3.4 m. 

Kirchspiel Saraisniemi. 

99 (2). Pelso, Tuulisuo, nahe am kleinen Weiher Tuulilampi in der W-Ecke 
in der Nahe der Grenze des Kirchspiels Temmes. H. ii. M. 106 m, Tiefe 1.9 m. 
— Pollendiagramm Fig. 13. — In einer kleinen Gyttja-Probe hat Haratp 
LINDBERG (1916 b S. 10) hier eine reiche fossile Flora angetroffen: N ajas flextlis, 
Butomus umbellatus, Myriophyllum spicatum, Potamogeton panormitanus, Sagit- 
tavia natans, Stratiotes aloides und Zannichellia repens. Durch Graben, das ich 
im Jahre 1935 bei Tuulisuo vornahm, fand ich im Sandschlamm ausser N. flexilis 
(50 Samen) auch N. tenwissima (2 Samen) sowie einzelne Batrachium, Carex 
pseudocyperus, Lycopus und Galeopsis cfr bifida. 
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Ostrobottnia borealis (Ob). 
Wire ns piel) Y li-11 (Tjo). 
100. Weissmoor bei Jouttenjarvi 3 km nérdlich vom Bauernhof Katkola 


beim Fluss Iijoki, 22 km vom Fluss Siuruanjoki aufwarts. H. ii. M. 96 m, Tiefe 
4 m, Sandgrund. Beim Schlammen einer von Dr. Gunnar Brander im Jahre 
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Fig. 17 und 18. Pollendiagram- 
me von Alatornio und Ylitornio. 
Zeichenerklarung. S. 16. 


1936 auf meine Bitte genomme- 
nen Gyttja-Probe wurden 18 Sa- 
men von WNajas_ flexilis  erhal- 
cen 

Kirchspiel Kuivaniemi. 

101. Scheuchzeria-Weissmoor bei Kyrénlampi, NW vom See Oijarvi. 
H. ii. M. c. 97 m, Tiefe 2 m, Tonboden. 

VTINP@ ley oyois IE SMR oaltoy 

102. Martimoaapa, 17 km vom Bahnhof Simo, 5 km W vom Fluss Simojoki. 
Kin einziger Samen von N. flexilis wurde in Gyttja in einer Tiefe von 2.4 m, 
sowie ein Samen nebst Carex pseudocyperus in Dy mitten in dem See 
Martimonjarvi in 2.2 m Tiefe angetroffen. H. ti. M. 66 m. — Siehe BACKMAN 
4935. 

103. Siivilaniemenaapa bei Koivulampi. H. ii. M. 96 m, Tiefe 2.3 m. — Siehe 
BACKMAN 1935. 

Kirchspiel Ranvua. 

104. Jankaneva an der Landstrasse nach Rovaniemi, in der Nahe des Sees 
Juurikkajarvi. H. ii. M. 144 m, Tiefe 3 m, Tonboden. Najas flexilis 1 Samen. 
Pollendiagramm Fig. 14. 

105. Matolampi an der Landstrasse nach Rovaniemi, 800 m von der Kirch- 
spielgrenze. H. ii. M. 194 m, Tiefe 4 m, Tonboden. In einer im Jahre 1939 ge- 
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nommenen Gyttja-Probe wurden 22 
Samen von WN. flexilis angetroffen. 
Pollendiagramm Fig. 15. 

Kirchspiel Rovaniemi. 

106. Weissmoor Tervajanka etwa 
25 km S vom Marktflecken Rovaniemi, nahe des Sees Perunkajarvi und der 
Landstrasse nach Ranua. H. ii.m. 145 m, Tiefe 4.5 m. Pollendiagramm Fig 16. 

Kirchispiel Alatornio: 

107. Karttojarvi, 16 km vom Bahnhof Karunki. H. ii. M. 98 m, Tiefe 2.9 m, 
Tonboden. Zahlreiche N. flexilis-Samen. 

108. Lusikkajanka, SW vom vorhergenannten, gleich N vom Hof Nahkiais- 
oja. Der dstliche Teil des Moores bebaut. H. ii. M. 100 m, Tiefe 3 m, harter 
Kiesboden. — Die Gyttja war iiberall mit N. flexilis gespickt. Pollendiagramm 
Pip, 47. 

109. Kaakkamojarvi ca. 2 km SE vom vorhergenannten und Palovaara. 
H. ii. M. (70? m), Tiefe 0.8 m, Tonboden, stellenweise Kies. N. flexilis 3 Samen. 

110. Tymakk6jarvi, ca. 2 km S von Palovaara. H. ii. M. (70? m), Tiefe 
0.8m. N. flexilis 1 Samen. 

KRirchsapiel VYilivtornic. 

111. Pieni-Salamalompolo (Kotilompolo) 5 km von der Kirchspielgrenze 
Alatornio, bei der Landstrasse Karunki—Kantamaa. H. ii. M. 107 m, Tiefe 
2.2m. N. flexilis 8 Samen. 

112. Antiorova, Reisermoor unterhalb Saukkolampi gleich N von der Land- 
strasse, bei der Grenze zum Kirchspiel Rovaniemi. H. ii. M. 123 m, Tiefe 2 m. 
N. flexilis 7 Samen. Pollendiagramm Fig. 18. ; 

Kirchspie)] Turtola. 

1138. Jolankisuo zwischen Romakkajarvi und Lampsijarvi, ca. 700 m S von 
der Landstrasse. H. ii. M. 92 m, Tiefe 2.6 m, Tonboden. N. flexilis 1 Samen. 

114. Veksariipi gleich W von Puolamajarvi. H. ii. M. 92 m, Tiefe 2 m, Ton- 
boden. N. flexilis 1 Samen. 
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115. Kulovuoma an der Landstrasse bei yTuomaan taloy 3.5 km S vom Dorf 
Pello. H. i. M. 84 m, Tiefe 3 m, Tonboden. N. flexilis 1 Samen. 

116. Weissmoor bei Nimeténlampi, 2 km E von Pello (Hannunranta). 
H. ui. M. 123 m, Tiefe 2.7m. Unterlagert von Sand und Ancylus-Ton. N. flexilis 
5 Samen. Pollendiagramm Fig. 19. 

117. Sorvajarvi, gleich W von der Landstrasse, 12 km N von Pello. H. ii. M. 
110 m, Tiefe 3 m. Die Gyttja enthielt 2 Samen von Najas flexilis nebst Cerato- 
phyllum demersum-Blattstacheln, Alnus glutinosa, Carex pseudocyperus, Myrio- 
phylium spicatum, Nuphar luteum und Phragmites. Pollendiagramm Fig. 20. 


E. Nachtrag. 


Nachdem dieser Aufsatz (ausser S. 36—38) im Jahre 1944 schon druckfertig 
vorlag und auch die Druckstécke fiir die Karten Fig. 1—5 fertig waren, sind 
besonders in Ostfinnland viele neue fossile Funde von Najas flexilis an den Tag 
gekommen, iiber welche hier berichtet wird. Aus praktischen Griinden wird 
hier auch Lindbergs seit langem bekannter Fund von Loijussuo erwahnt (Nr. 
121). Fast alle diese Funde stammen aus Gyttjaablagerungen mit einer besonders 
oligotrophen Flora. Von eutrophen Arten ist nur Ceratophyllum demersum auf 
den Lokalitaten N:o 118 und 122 angetroffen worden. — Schliesslich habe ich 
aus Mittel- und Siid-Osterbotten (Nr. 135—143) 9 neue Funde erhalten. Diese 
wurden im Sommer 1947 bei den Mooruntersuchungen der Geologischen For- 
schungsanstalt hauptsachlich vom Forstmeister V. VALOVIRTA gemacht, der 
auch die Gyttjaproben untersucht hat. Fir die Freundlichkeit, mir diese Funde 
zur Verfiigung gestellt zu haben, danke ich Forstm. Valovirta, der mich auch 
friiher bei meinen Untersuchungen in Osterbotten assistiert hat. 


Ostrobottnia kajanensis (Ok). 


Mischsorel Saraisnieim i. 

118. Kotilansuo 6 km N vom Bahnhof Jaalanka. H. ii. M. ca. 132 m, Tiefe 
25 oat 

Kirchspiel Kajana. 

119. Syvajarvi, gleich W von der Eisenbahn, 7 km S von der Stadt. H. u.M. 
ca. 160 m, Tiefe 2.8 m, Tonboden. 

120. Iso-Kilolampi, an der Landstrasse 9 km $ der Stadt. H. a. M. ca 150 m, 
Tiefe 3—4 m, Steinboden. 


Kinechs piel Kuh mo. 
121. Loijussuo NE vom See Ontojarvi. H. ii. M. 160 m, Tiefe 4—6 m. — 


Hier fand LINDBERG (1909b S. 193 und 1910b S. 182) 1 Samen von Najas 
flexilis sowie u.a. Carex pseudocyperus, Ceratophyllum demersum, Sagittaria 


natans und Zannichellia repens. wih 
122. Nimeténlampi ca. 3 km NW vom Kirchdorf, N vom See Ontojarvi, in 


der Nahe des vorhergenannten. H. ii. M. 160 m, Tiefe 4 m, Sandboden. 
423. Pénkkalamminneva an der Iammasperd-Landstrasse, ca. 8 km EH vom 


Anlageplatz der Fahre. H. ii. M. ca. 165 m, Tiefe 4 m. 
124. Hoikkalampi, an der Landstrasse nach Hirvela, 3 km von der Lammas- 


perd-Landstrasse. H. ti. M. ca. 170 m, Tiefe 2.4 m, Tonboden. 
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125. Sammakkolampi in der Nahe des vorhergehenden, N von der Land- 
strasse. H. ii. M. ca. 170 m, Tiefe 2—3 m, Sandboden. 

126. Nimetoénlampi in der Nahe des Hofes Mantyla und der Raate-Land- 
strasse, 13.5 km von der russischen Grenze. H. ii. M. ca. 207 m, Tiefe 2.8 m, 
Tonboden. 

Karelia borealis (Kb). 


Keinieh spiel eNiaw st mies: 

127. Scheuchzeria-Weissmoor beim Lohinlampi-See im Dorf Porokyla, gleich 
S von der Landstrasse. H. ii. M. ca. 100 m, Tiefe 4.7 m, Kiesboden. Zahlreiche 
N. flexilis-Samen. 

Kirchspiel Eno. 

128. Ala~Harkadlampi S von Ahveninen. H. ii. M. 120 + m, Tiefe 3 m. N. flext- 
lis, mehrere Samen. 

Kirehspiel“Kontiolanmt:: 

129. Hiidenlampi ca. 15 km W von Ahveninen, gleich S von der Landstrasse 
nach Juuka, nahe der Grenze des Kirchspiels Eno. 


Savonia borealis (Sb). 

Kirehspiel Liperi (Libelits). 

130. Weissmoor bei einem kleinen Weiher W von der Landstrasse, 20 km 
NW von der Stadt Joensuu, ca. 1 km von der Grenze zum Kirchspiel Polvijarvi. 
H. ii. M. ca. 82 m, Tiefe 6 m. 

131. Valkialampi 17 km NW von Joensuu, nahe der Grenze zum Kirchspiel 
Polvijarvi. H. ii. M. ca. 85 m, Tiefe 5 m. 

Kea riGhisip it elas Prolliy, ij avtived: 

182. Lavakkaneva. Scirpus caespitosus-Weissmoor gleich S der Landstrasse 
nach Kaavi, auf der Kirchspielgrenze. H. ii. M. 100 m, Tiefe 4 m. 


Savonia australis (Sa). 
Kirchspiel Saaminki. 
133. Kolmisoppi-See. Cassandra-Reisermoor bei Ruhvanankyla S$ von Pun- 
kaharju. H. ii. M. ca. 85 m, Tiefe 3 m. Zahlreiche N. flexilis-Samen. 


Ostrobottnia media (Om). 


Kirchspiel Kaustinen. 

134. Weissmoor auf der Waldparzelle der Kirchengemeinde, 2 km SW von 
dem Fluss Perhonjoki. H. ii. M. ca 70 m, Tiefe 4 m. 

Kirehspiel Toholam pi, 

135. Kopsanlampi an der Landstrasse nach Ullava, nahe der Kirchspiel- 
grenze. H. ti. M. 115 m, Tiefe 4.6 m. 

136. Hongistonjarvi an der Landstrasse nach Toholampi, 10.5 km von der 
Wegkreuzung. H. ii. M. 112 m, Tiefe 3 m. 

Kirtehsplell BR vijarvi 

187. Katiskanneva, 10 km WSW von der Kirche. H. ii. M. 68 m, Tiefe 4.5 m. 

138. Valmossa, S$ des Kirchdorfes, H. ii. M. 65 m, Tiefe 3.9 m. 

Kirchspiel Alajarvi. 

139. Vahajarvi an der Landstrasse 20 km in der Richtung nach Kuortane. 
H. ii. M. 106 m, Tiefe 2 m. 
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Kirchspiel Lapua (Lappo). 

140. Kortesneva an der Landstrasse nach Alajarvi, 23 km vom Bahnhof 
Lapua. H. ii. M. 93 m, Tiefe 4.3 m. 

141. Riihilammenneva an der Landstrasse nach Alajarvi, 8 km vom Bahn- 
hof Lapua. H. ii. M. 65 A 70 m, Tiefe 3.3 m. 


Ostrobottnia australis (Oa). 


Witch spi¢dl Alay us. 

142. Valkealampi 600 m S vom Haltpunkt Sdaksjarvi. H. ii. M. 107 m, 
Tiefe 3 1m. 

Rirchspiel’ let v a. 

143. Lammasneva, 600 m N vom Haltpunkt Aysté. H. ii. M. 97 m, Tiefe 5 m. 


II. Allgemeiner Teil. 


In Nordamerika, wo Najas flexilis ihre grésste jetzige Verbreitung hat 
(von Britisch Kolumbia und. Quebec im N bis nach Florida und Kalifornien 
im $), kommt sie (FRERE MARIE-VICTORIN §S. 641) in Siiss- oder Brackwasser 
neben Chara und Nitella sowohl in recht bedeutender Tiefe wie in sehr 
seichtem Wasser vor. BRITTON and BRown erwahnen sie in Teichen und 
fliessendem Wasser. Unter den Begleitpflanzen werden (WEATHERBY, S. 75, 
WARMING-GRAEBNER, S. 605) angegeben: 


Chara Nymphaea 

Nitella Potamogeton natans 
Brasenia purpurea Ruppia 

Heleocharis acicularis Utricularia vulgaris 
Nuphar Zannichellia palustris 


Uber die Verhaltnisse, in denen Najas flexilis heute in Europa lebt, wissen 
wir ziemlich wenig, da nur wenige Botaniker die Pflanze lebend gesehen und 
noch wenigere Forscher irgendwelche Beobachtungen veréffentlicht haben. 
Uber das Vorkommen im Bodensee teilt EUCEN BAUMANN (1911, S. 162) 
mit: »Najas flexilis bildet keine eigentlichen Polster’ vielmehr liegen die 
lockeren, ausgebreitet-niederliegenden Pflanzen, deren Stengel eine Lange 
von 2—10 cm erreichen, im weichen Schlamme fast ganz vergraben, und 
gucken kaum mit den Vegetationsspitzen aus ihrem Versteck hervor. Nur 
ein getibtes Auge vermag sie zu erkennen, da von der Pflanze nicht selten 
gar nichts zu sehen ist, so dass es eines kraftigen Zuges an geeigneten Stellen 
mit dem Rechen oder Hacken bedarf, den seltenen Fund ans Tageslicht 
zu beférdern. Das ist daher leicht verstandlich, dass Najas flexilis bis vor 
kurzem in unserem Gebiet vollstandig iibersehen wurde. Die Gesellschaft, 
in welcher sie im Gebiete wachst, erstreckt sich auf die gleichen Arten, wie 
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sie bei N. minor angegeben wurden». Uber den Fund bei Ermatingen teilt 
K. Brrtscu (briefl. 1943) mit: »Im Bodensee (Untersee) traf ich die Pflanze 
im September 1933 in einer Wassertiefe von etwa 20) cm. Im Hochsommer 
diirfte die Stelle etwa 1.5 m Wasser aufweisen, im Spatwinter diirfte sie 
ganz trocken liegen.» Von Begleitpflanzen zahlt BAUMANN (1911) folgende 
Arten auf, von denen alle, ausser Chava und Nitella, auch von K. Bertsch 


beobachtet worden sind: 


Chara aspera Najas minor 

Nitella capitata — marina 

— hyalina Potamogeton gramineus 
— syncarpa — panormitanus 
Heleocharis acicularis — pectinatus 

Litorella uniflora — perfoliatus 


Ranunculus reptans 


Im Usma-See in Lettland (Ozo1ina 1931) kommt Nayas flextlis zerstreut 
in Chara fragilis-Bestanden, auf sandig-schlammigem Grunde, in 2.5 m 
Tiefe, von. 

In Norwegen fand JORGENSEN die Art reichlich in seichtem Wasser neben 
Nitella-Arten. HOLMBOE gibt an, dass sie zusammen mit Jsoétes und Myrio- 
phyllum in einem kleineren Gebiet von iiber 2 m Tiefe wacbst. 

Beziiglich Hederviken in Schweden teilt TH. M. Fries (1850) mit, dass er 
unmittelbar nach der ersten Senkung des Sees Najas flexilis sparlich in 
einem Areal von héchstens zwei Quadratellen, in einer Tiefe von 4, Fuss 
(1.8 m), auf Tonboden zusammen mit Nuphar, Lemna trisulca, Chara pul- 
chella Wallr. (?), Hvpnum riparium und Spongilla lacustris, vermischt mit 
Potamogeton perfoliatus, P. praelongus, P. compressus, FP. acutifolius u. a. 
gefunden habe. SERNANDERs vergebliche Versuche, die Art 1907 und 1909 
wiederzufinden, ergab eine gute Schilderung der Vegetation und entwick- 
lungsgeschichte des Sees. Das Artenverzeichnis, das SERNANDER von der 
Stelle mitteilt, wo nach seiner Verniutung N. /flexilis frither wuchs, unter- 
scheidet sich wesentlich von dem Verzeichnis Fries’. 

Nixsson (8. 140 Original schwedisch) schreibt iiber seinen Fund im W- 
Ringsj6: »rund um den ganzen westlichen Teil des Sees, einige Bootslangen 
vom Schilfrand entfernt, befindet sich ein Giirtel in 2—5 m Tiefe, der dort, 
wo der Boden nicht allzu steinig ist, fast ausschliesslich mit Najas flexilis 
bedeckt ist, die hier weit héher und schlanker wird, mit ihren ausgespreizten, 
wenigen Verzweigungen einen fast ununterbrochenen, braungriinen Teppich 
bildend. Eingemengt in grésserer oder geringerer Menge sind Callitriche 
autumnalis und Chara (opaca oder flexilis)», Ni1sson hatte jedoch frither 
an den Ufern eine kleine Form in nur 1-——2 Fuss Wasser gefunden. 

Uber den Fund von Najas flexilis im W Sorrédssj6 in Scbonen schreibt 
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“ 


LILLIEROTH: »Der See ist kraftig (iiber 1 m) gesenkt worden und die Hichst- 
tiefe betragt heute nur 0.9 m» (Original schwedisch). Die Pflanze ist iiber 
den ganzen See verbreitet, aber am reichlichsten in seinem westlichen Teil 
vertreten, wo sie oft so dichte submerse Wiesen bildet, dass man nur mit 
Miihe mit dem Boot hindurchkommen kann. Kleinere solche Wiesen bildet 
auch Potamogeton rutilus, vor allem vor dem Typha angustifolia-Schilfbe- 
stand im SW, wo Najas und Potamogeton-Wiesen mosaikartig miteinander 
wechseln. Beide Arten kommen praktisch nur auf Sedimentboden vor. 
Durch Vermittlung von Dozent H. Weimarck habe ich spater folgende 
erganzende Angaben erhalten. Najas flexilis tritt in einem Gebiet von 150 x 
200 m auf und erreicht eine Héhe von 20—25 cm, die Wassertiefe ist 0.5 m. 
Die wichtigsten Begleitpflanzen sind Alisma Plantago aquatica, Alopecurus 
aequalts (schwimmende Form), Potamogeton perfoliatus, P. pusillus, P. rutilus 
(reichlich), Sparganium Friesit. 

Norruin hat nur unvollstandige Fundangaben vom Vesijarvi-See in 
Finnland und vom Onega-See hinterlassen. Hans LuTuHeEr (S. 63) fand im 
Sommer 1943 Najas flexilis sparlich bei Suurlahti (Velikaja guba) wieder, 
wo sie auf steinigem Tonboden ausserhalb des Phragmitetums in 2—4 m 
Tiefe zusammen mit den folgenden Arten vorkam. 


Potamogeton perfoliatus hier und da. Utricularia vulgaris sehr sparlich. 


P. pusillus ziemlich reichlich. Isoétes lacustre reichlich. 

P. lucens ziemlich reichlich. Drepanocladus sp. hier und da. 

Elodea canadensis sparlich. Nitella Wahlbergiana sparlich. 

Myriophyllum alterniflorum zieml. Aegagropila sp. sparlich an Seerz und 
sparlich. toten Anodonta-Schalen. 


Uber den Paljarvi-Fund hat Dr. A. Vaarama folgendes mitgeteilt (HANS 
LuTHER S. 66): »Paljarvi ist ein seichter See, der Boden Detritusgyttja. 
Zusammen mit Najas flexilis kamen in 1.8—2.0 m Tiefe Lemna trisulca, 
Callitriche autumnalis und Elodea canadensis (pc) sowie sehr reichlich Was- 
sermoose vor. Die Wassermoose gehérten den Arten Drepanocladus capilli- 
folius, D. Sendtnerit, D. aduncus, Fontinalis sp. (hypnoides?) und Rhyncho- 
stegium rusciforme var. lacustre an. Weiter wurden Nutella flexilis (cp) und 
Chara fragilis (sparlicher) verzeichnet. Die Wassermoose waren fiir die 
Bodenvegetation charakteristisch. Najas flexilis kam recht reichlich vor.» 

Dies ist ungefahr alles, was wir iiber das heutige Vorkommen der Art 
in Europa wissen. Aus Irland und Schottland finden wir bei Nizsson ver- 
einzelte Angaben iiber die Wassertiefe. Aber merkwiirdigerweise fehlen fiir 
die deutschen und russischen Funde Mitteilungen iiber die Verhaltnisse, 
in denen die Art lebt. — Es ist deutlich, dass Najas flexilis am liebsten auf 
weichem Schlamm- oder Tonboden wachst, wiewohl sie einige Male auch 
auf festem Boden angetroffen worden ist. Sie besitzt eine grosse Vertikalaus- 
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dehnung, indem sie ebenso oft in seichtem Wasser 20—100 cm (Nr. 25, 37, 
38, 40, 42, 43) wie in tiefem Wasser 2—6 m (Nr. 27, 35, 36, 41, 44) vorkommt. 
Die rezenten Funde scheinen jedoch darauf hinzudeuten, dass die Art lieber 
in tiefem Wasser lebt; wo sie in seichtem Wasser gefunden worden ist, hat 
sich namlich immer erwiesen, dass der See kraftig gesenkt worden ist. — 
Uber das Verhaltnis der Art zur Wassertiefe schreibt Hans LUTHER (S. 72), 
ydass die Tiefwasservorkommnisse wohl die urspriinglichen sind. Najas 
flexilis findet zwar ihre optimalen Lebensbedingungen in seichtem Wasser, 
als konkurrenzschwach wird sie aber leicht auf gréssere Tiefen verdrangt. 
Bei der Seesenkung geraten die Tiefwasserlokale in die Nahe der Oberflache 
und Najas flexilis kann iippige Bestande grésserer Ausdehnung ausbilden. 
Es ist aber zu erwarten, dass andere, konkurrenzstarkere Arten sie wieder 
von den Seichtwasserlokalen auf tieferes Wasser verdrangen». Hier sei je- 
doch daran erinnert, dass kaum einer von den 143 finnischen Fossilfunden 
darauf hindeutet, dass die Art in grésserer Tiefe als 1 m lebte; in den meisten 
Fallen wuchs sie in seichterem Wasser. 

Als Begleitpflanzen der rezenten Najas flexilis in Mitteleuropa verdienen 
vor allem genannt zu werden: 


Chara spp. Najas minor (nur im Bodensee) 
Nitela spp. — marina ee » 
Drepanocladus Sendtneri Potamogeton crispus 
Ranunculus aquatilis — gramineus 

Callitriche autumnalis — lucens 

Isoétes lacustre — panormitanus 

— echinosporum — perfoliatus 

Litorella uniflora — pusillus 

Myriophyllum spp. Scirpus acicularis 


Von Hederviken und Sorrédssj6 in Schweden werden ausserdem u. a. 
folgende Arten angegeben, die zwar in der Nahe von N. flexilis wachsen, 
die aber nicht als eigentliche Begleitpflanzen der Art anzusehen sind: 


Butomus umbellatus Nuphar sp. Scirpus lacustris 
Equisetum limosum Nymphaea sp. Sium latifolium 
Hydroch. morsus ranae Phragmites comm. Sparganium spp. 
Iris pseudacorus Potamogeton spp. Typha spp. 


Die Flora, zu der Najas flexilis in der Postglazialzeit gehérte, kennen wir 
dank den Schlammlisten, die vom Gardasee in Italien, vom Federsee in 
Wiirttemberg, aus Norwegen, Schweden (vor allem SUNDELIN) und Finn- 
land vorliegen, ziemlich gut. 

ANDERSSON fand bei seinen Untersuchungen in der Gegend des Garda- 
sees in der Gyttja »eine unerhérte Menge Samen von N. flexilisy sowie 
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Chara sp. reichliche Sporenkerne Nymphaea alba 


Cladium mariscus 


Potamogeton sp. 


Najas marina ziemlich allgemein Scirpus lacustris 


Nuphar luteum 


Tilia sp. 


Vom Federsee erwahnt Kart BERTSCH 1931 Uu.a.: 


Alisma plantago 
Carex pseudocyperus 


Ceratophyllum demersum 


Cicuta virosa 
Dryopteris Thelypteris 
Hippuris vulgaris 
Lycopus europaeus 


Myriophyllum alterniflorum 


Najas marina 
Nymphaea alba 
Potamogeton natans 
— obtusifolius 

— perfoliatus 

— pusillus 

Tilia platyphyllos 
Trapa natans 


Auch sei erwahnt, dass Ceratophyllum submersum (1 Same) bei Calbe 
an der Milde (W1EGERs S. 112) und C. demersum massenhaft im Schwarzsee 
bei Kitzbiichel (SaRNTHEIN 1944) angetroffen worden sind. 

Holmboes Untersuchung (BROGGER 1909) der Gyttja des Hojlandsvandet 


ergab folgende Fossilienliste: 


Alnus glutinosa 3 Fr. 
Betula verrucosa 8 Fr. 
Hippuris vulgaris 1 Fr. 


Najas marina 4 Samen 
— flexilis mehrere Hundert 


Samen 
Nymphaea alba 


Potamogeton natans reichlich 


— praelongus sparlich 
— Spp. 

Ruppia rostellata ge Mt. 

— spiralis het. 
Scirpus lacustris 1 Nuss 
Sorbus aucuparia 2 Samen 


Najas flexilis-fiihrende Ablagerungen in Schweden diirften im grossen 
gesehen die gleiche fossile Flora enthalten wie in Finnland, doch kommt 
dort Cladium mariscus hinzu, und Najas marina ist etwas gewohnlicher als 


in Finnland. 


Fiir die meisten finnischen N. flextlis-Lokale liegen ziemlich vollstan- 
dige Listen iiber die geschlammten Fossilien vor. Das folgende Verzeichnis 
enthalt die Arten nach der abnehmenden Frequenz. Das unbedingt gewohn- 
- lichste Fossil sind die Fruchtkerne von Potamogeton, die jedoch selten nach 


der Art bestimmt sind: 


Potamogeton spp. 

Alnus incana 

Carex pseudocyperus 
Equisetum limosum 
Nuphar luteum 
Ceratophyllum demersum 
Najas tenuissima 

Alisma plantago 


Alnus glutinosa 
Myriophyllum spicatum 
Phragmites communis 
Scirpus lacustris 
Zannichellia repens 
Lycopus europaeus 
Nymphaea candida 
Najas marina 
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Ruppia spp. 
Sagittaria natans 
Stratiotes aloides 


Carex diandra 
Dryopteris Thelypteris 
Batrachium spp. 


Da meine Fossilienlisten oft auf Schlammung von Generalproben fussen, 
welche sowohl Gyttja wie Seetorf und Ton oder Sand enthalten, findet man 
in ihnen Arten, die nicht zu derselben Pflanzengesellschaft gehéren wie 
N. flexilis. Infolgedessen sind hier nicht so gewodhnliche Fossilien wie z. B. 
Betula, Carex inflata, Cicuta virosa, Comarum palustre und Menyanthes 
trifoliata beriicksichtigt worden, die oft in N. flexilis-fiihrenden Gyttja- 
Ablagerungen gefunden worden sind. -— Nur einige Male sind Ceratophyllum 
submersum, Solanum dulcamara und Malachium aquaticum angetroffen wor- 
den. 

Die interglaziale Flora, zu der Najas flexilis seinerzeit in Danemark, 
Deutschland, Polen und Russland gehérte, war sehr reich. Von fast allen 
Lokalen liegen schéne Fossilienlisten vor. Ich beschranke mich darauf, die 


wichtigsten Leitfossile zu nennen, die angetroffen worden sind: 


Allgemeine Arten: 


Alnus glutinosa (nicht in Polen und 
Russland) 

Ilex aquifolia (nicht in Polen und 
Russland) 

Carpinus Betulus 

Corylus avellana 

Picea excelsa 

Tilia platyphyllos (nur in Deutsch- 
land) 


Hier und da gefundene Arten: 


Acer campestre (nicht in Russland) 

— platanoides 

Cornus sanguinea (nicht in Ddane- 
mark) 

Fraxinus excelsior (nicht in Ddne- 
mark). 

Arctostaphylos uva ursi 

Brasenia purpurea 

Carex pseudocyperus 


Ceratophyllum demersum 

Lycopus europaeus 

Menyanthes trifoliata 

Najas marina (in Danemark nur 1 
Fund) 

Nuphar 

Nymphaea 

Potamogeton spp. 


Ceratophyllum demersum 
Cladium mariscus 

Dulichium spathaceum 
Empetrum nigrum 

Eupatorium cannabinum 
Hydrocotyle vulgaris 
MyriophylJum spicatum 
Stratiotes aloides 

Trapa natans (nicht in Russland) 


Arten, die nur von einzelnen Stellen bekannt sind: 


Aldrovandia vesiculosa Ohlsdorf, Sa- 
mostrzelniki 

Euryale cfr. limburgensis Billstedt 

Viscum album » 


Platanus sp. Honerdingen 
Quercus sessiliflora ~ » 
Tilia intermedia » 


— parvifolia » 
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In einer Sonderklasse steht JEssENs und MILTHERS’ ausgezeichnete 
Abhandlung mit vollstandigen Fossillisten, aber auch BEYLE, STOLLER, 
SZAFER und WEBER haben gute solche zusammengestellt. Najas flexilis 
wird von diesen Verfassern als eine fiir die Interglazialzeit charakteristische 
Art bezeichnet. 

In der Literatur, in der das Vorkommen von Najas flexilis in der Quartar- 
zeit beriihrt ist, ist sie immer zu den nahrungsfordernden Pflanzen gerech- 
net worden. Um eine richtige Auffassung von den Faktoren zu erhalten, 
welche das Fortkommen der Art beeinflussen, ware es notwendig, ihr Auf- 
treten in der Gegenwart naher zu studieren. Friither lagen nur vom Boden- 
see (BAUMANN) und Sorrédssj6 (Li1IEROTH) genauere Schilderungen der 
Verhaltnisse vor, unter denen die Art wachst. Heute hat Hans LuTHER 
eine eingehende Beschreibung der beiden rezenten ostkarelischen Najas 
flexilis-Funde gegeben. Nach LUTHER sind die beiden Seen, in denen die 
Art dort wachst, eutroph, weisen aber stark oligotrophe Ziige auf. Es ist 
charakteristisch, dass zu den rezenten wie gemidss meinen eigenen Beobach- 
tungen auch fossilen Begleitpflanzen von N. flexilis, ausser einigen eutrophen 
Arten, auch viele typische oligotrophe (Potamogeton natans, Isoétes, Equise- 
tum limosum, Nuphar) gehéren. Besonders in Osterbotten, wo N. flexilis 
nur fossil gefunden worden ist, ist sie am haufigsten in Gesellschaft einer 
reichen siidlichen Warmeflora gefunden worden. Aber nicht selten ist die 
Art auch zusammen mit einer mageren Flora angetroffen worden, die auf 
sehr oligotrophe Verhaltnisse hinweist. Bei der Schlammung wurden dann 
neben Najas-Samen nur Equisetum limosum und kleine Fruchtkerne einer 
Potamogeton-Art erhalten. SANDEGREN (1941, S. 64), der eingehender als 
andere Verfasser sich mit dem Vorkommen von Nayjas flexilis in Schweden 
beschaftigt hat, gibt an, dass alle rezenten und fossilen N. flexilis-Funde 
in Gegenden mit kalkreichem Felsgrund oder kalkreichen Bodenarten ge- 
macht worden sind; aus kalkarmen Gegenden liegen in Schweden keine 
Funde vor. Im Gegensatz hierzu steht die Tatsache, dass in dem jetzt kalk- 
armen Mittel-Ostrobottnien die Art auf zahlreicheren Stellen gefunden 
worden ist als im ganzen iibrigen Europa. Die Frage nach den Trophiever- 
haltnissen dieser Art muss also noch als unbeantwortet angesehen werden. 
In Finnland scheint die Art eher mesotroph gewesen zu sein. 

Oben (S. 27) wurde erwahnt, dass Najas flexilis heute ihre grosste Ver- 
breitung in N-Amerika hat, und man bat schon vor langer Zeit angedeutet, 
dass sie von dort nach Europa eingewandert sei. FRERE MARIE VICTORIN 
(1935, S. 837) sagt, dass Najas flexilis, Eriocaulon septangulare und Spiranthes 
Romanzoffiana eine gut definierte pflanzengeographische Kategorie mit 
grosser Verbreitung in Nord-Amerika vertreten, die nach dem Verschwinden 
der nordatlantischen Landverbindung nur einige disjunkte Lokalitaten auf 
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dem eurasischen Kontinent an der fritheren Verbindungslinie hatten. Uber 
dieselbe Frage schreitb Hxrcr (1936, S. 210): »Diese Pflanze nimmt in Europa 
eine sehr isolierte Stellung ein. Alle naiheren Verwandten (7 Arten) kommen 
sonst ausschliesslich in Amerika vor. Sie erinnert in dieser Eigentiimlichkeit 
an Eriocaulon septangulare, deren Hauptareal nordamerikanisch ist, aber 
nach Westeuropa (Irland, Schottland, den Hebriden) iibergreift, und nimmt 
hinsichtlich des Areals eine Mittelstellung ein zwischen der genannten 
Eriocaulon-Art und etwa Sphiranthes Romanzoffiana. Bei letzterer auch 
nordamerikanische Vorkommen». Da N. flexilis rezent ihre grésste Verbrei- 
tung in NW-Europa, vor allem auf den Britischen Inseln hat (iiber ein 
Drittel aller europdischen Funde), scheint dies die Annahme einer Einwan- 
derung iiber den Atlantik zu stiitzen. Die postglaziale Flora, zu der N. flexilis 
gehort, enthalt jedoch keine aussereuropdischen Arten, und auch keine Arten 
mit einer solchen spezifischen Verbreitung in Europa, welche den erwahnten 
Gedanken stiitzen kénnten. Von umso grésserem Interesse ist in dieser Be- 
ziehung die von BAAS 1932 bei Schwanheim gefundene reiche und spezifische 
»friidiluviale» Flora, die nach seiner Ansicht Uberreste einer tertidaren Flora 
bildet, welche die Eiszeit itberlebt hat. Wir finden hier eine merkwiirdige 
Mischung von siidlichen und nordischen Formen sowie aussereuropaischen 
Arten. Vor allem der Fund der ostasiatischen Eucomia ulmoides und Hama- 
melis sp. zusammen mit den beiden rezenten N. flexilis-Funden in dem 
wenig erforschten Sibirien weisen auf die Méglichkeit einer Einwanderung 
nach Europa von Nord-Amerika iiber Sibirien hin. Die Frage muss jedoch 
offen bleiben, da unsere Kenntnisse sowohl der rezenten wie der postgla- 
zialen Flora Sibiriens allzu unvollstandig sind. 

Fig. 1 zeigt uns die rezente und die ehemalige Verbreitung von Najas 
flexilis in Europa. Von den 47 rezenten Fundorten liegen 17 auf den Britischen 
Inseln, 7 in der mitteleuropdischen Tiefebene, 8 in Schweden und 2 in Nor- 
wegen. Es verdient jedoch hervorgehoben zu werden, dass unsere Kenntnis 
von der europadischen Verbreitung der Art heute noch ausserst mangelhaft 
ist. Schon Ninsson (1881) zieht als Erklarung hierzu die geringe Grésse 
und das véllig submerse, oft in die Tiefe von mehreren Metern verlegte 
Vorkommen der Art heran, einen Umstand, der es verstandlich macht, 
dass die Art leicht iitbersehen worden ist und dass ihre Auffindung in den 
meisten Fallen durch den Zufall bedingt gewesen und bei der Suche nach 
ganz anderen Sachen erfolgt ist. Man vergleiche in diesem Zusammenhang 
auch die oben (S. 27) angefiihrte Ausserung BAuMaANNs. Es besteht darum 
kein Zweifel dariiber, dass sich die Anzahl der rezenten Funde durch kiinf- 
tiges planmassiges Nachsuchen noch mehren wird. Dafiir sprechen u.a. 
die neuesten Funde in Schonen (HALLBERG, LILLIEROTH) und Onega-Kare- 
lien (I,UTHER). — Die rezente Verbreitung fallt bis auf einen Fund in Siid- 
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england (Dorset) und einen in Russland (Samara) mit dem ehemals ver- 
gletscherten Gebiet zusammen. Auch sdmtliche postglazialen Funde sind 
innerhalb der genannten Gebiete und, bemerkenswerterweise, innerhalb 
der Grenze der letzten Vereisung gelegen. Ausserhalb derselben fallen nur 
die Funde in Sachsen (Nr. 4) und Hannover (Nr. 4 a). Die Art hat wahrend 
postglazialer Zeit sicher eine weite Verbreitung auf den Britischen Inseln, 
in Fennoskandien sowie in den vergletscherten Gebieten der Alpen gehabt. 
Es wird sich kiinftig sicherlich herausstellen, dass die Erklarung der 
sparlichen Anzahl der Fossilfunde auf den Britischen Inseln (5 Funde) 
und in Norwegen (6 Funde) in dem mangelnden Interesse fiir die paladon- 
tologische Forschung in jenen Landern zu suchen ist. -- Besonders bemer- 
kenswert ist die ausserordentlich grosse Haufigkeit der Art in vergangenen 
Perioden in Finnland. Von den insgesamt 218 bekannten Postglazialfunden 
in Europa entfallen 143 (65 %) auf Finnland; einzig aus Osterbotten liegen 
113 Funde vor, also weit mehr als aus dem ganzen tibrigen Europa zusam- 
men (74). Es mag sein, dass gerade Osterbotten den Gegenstand von inten- 
siveren und auch mehr planmassig durchgefiihrten phytopalaontologischen 
Untersuchungen als die tibrigen Teile Europas gebildet hat; ausser allem 
Zweifel bleibt jedoch, dass der Schwerpunkt der europdischen Verbreitung 
der Art sich eben hier befunden hat. Najas flexilis ist nicht die einzige 
Pflanze, die ehemals gerade in Osterbotten eine seltsam ausgedehnte Ver- 
breitung weit ausserhalb ihres heutigen Verbreitungsgebietes besessen hat. 
Dasselbe gilt namlich auch fiir Najas tenuissima, Carex pseudocyperus, 
Lycopus europaeus und einige andere Florenelemente der postglazialen 
Warmezeit. Die Ursache ihrer ehemals weiten Verbreitung ist sicherlich 
in der Landhebung zu suchen, die eben in jenen Gegenden zumal wahrend 
der Ancylus-Periode und im Beginn der Litorina-Zeit hohe Betrage erreichte. 
Ich werde bei spaterer Gelegenheit bei Erérterung der iibrigen hierherge- 
hérenden Arten naher auf diese Frage eingehen. Vgl. auch Punkt 3 im nach- 
stehenden aus SANDEGREN 1932. 

Es verdient genannt zu werden, dass friiher, soviel ich weiss, von GAMS 
(1926) kleiner und Brrtscn’ (1934) schematischer Karte abgesehen, nur 
eine Verbreitungskarte von MATHEWS vorliegt, welche jedoch in hohem 
Grade nicht nur unvollstandig, sondern direkt fehlerhaft ist. 

Die interglazialen Funde haufen sich langs der Grenze der letzten Ver- 
eisung und zwar vornehmlich dicht ausserhalb derselben. In ganz isolierter 
Lage ausserhalb der vergletscherten Gebiete finden wir die interessante 
Ablagerung in Schwanheim (Baas). In Russland scheint Najas flexilis 
waihrend des Interglazials ziemlich selten gewesen zu sein. SUKATSCHEW 
erwahnt nur drei Funde aus insgesamt 46 derzeit bekannten Ablagerungen. 

SANDEGREN (1920, 1932, 1941) hat eingehend die Frage betreffs des 
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postglazialen Auftretens von Najas flexilis in Fennoskandien erértert. An 
Hand des schwedischen pollendatierten Fundmaterials kommt der Autor 
(1932, p. 242; schon im Jahre 1920 in schwedischer Sprache ausgesprochen) 
zu dem Ergebnis, dass 

»1. Najas flexilis wahrend der alleraltesten Periode der borealen Zeit 
nach Schweden kam. 

2. dass Najas flexilis hier seine unvergleichlich grésste Verbreitung 
wahrend der borealen Zeit hatte und schon wahrend der atlantischen Zeit 
an Frequenz schnell abzunehmen begann, weshalb ihre jetzige Seltenheit 
nicht allein durch die viel spater eintretende postglaziale Klimaverschlech- 
terung erklart werden kann. 

3. dass Najas flexilis wahrend des spateren Teils der postglazialen Zeit 
noch immer in Schweden vorkam, doch wahrscheinlich nur an vereinzelten 
Stellen, und zwar hauptsachlich durch Einwanderung in Gegenden, die durch 
Landhebung sukzessiv entstanden waren.» 

Es war zuerst SANDEGREN (1920), der die Aufmerksamkeit der Forscher 
auf diese interessante Pflanze lenkte. Samtliche postglazialen Funde (mit 
Ausnahme des italienischen) leiten sich demnach erst aus den zwanziger 
und dreissiger Jabren dieses Jahrhunderts her. Von mehreren Forschern 
sind auch Versuche zur Bestimmung des Alters dieser Funde unternommen 
worden. So verlegt Pau (1924, 1925) die Funde aus Bayern (Nr. 9), Baden 
(Nr. 15) und der Schweiz (Nr. 17) in die atlantische Zeit (in das frithe Lito- 
rina). GALENIEKS schreibt auf Grund der Pollenuntersuchung die lettischen 
Funde Nr. 20 und 22 der borealen Zeit (der Ancylusperiode) zu. Samtliche 
wiirttembergischen Funde sind nach BrErrscu (1931) jungen Datums 
(Bronzezeit—Steinzeit). Die irischen Funde sind gemass KNuD JESSEN 
(briefl.) boreal. 

Wenden wir uns sodann dem Alter der finnischen Najas flexilis-Funde 
zu, so mdge zuallernachst erwahnt werden, dass der Fund von Nyland und 
samtliche Funde von der Karelischen Landenge mutmasslich in die Ancylus- 
periode zu verlegen sind. Sie sind jedoch durchgehends in einer Zeit gemacht 
worden, als die Pollenanalyse noch nicht Eingang gefunden hatte, und dar- 
um ist die Altersbestimmung nicht vollig sicher. — Samtliche alandischen 
Funde sind jung, aus der Zeit kurz nach der Verhaufigung der Fichte. Die 
zahlreichen Fossilfunde aus Osterbotten geben uns weitgehende Moglich- 
keiten zur zeitlichen Bestimmung des ersten Auftretens der Art in jenen 
Gegenden und ihres spiteren Aussterbens daselbst. Leider ist heute erst 
nur ein Teil des Materials pollendatiert. In Osterbotten gelangen wir jedoch 
schon durch die Héhenlage der Vorseen zum maximalen Alter der Ablage- 
rungen und der Funde. Von der Kiiste des Bottnischen Meerbusens steigt 
das Land zienilich gleichmassig gegen die das Binnenseegebiet begrenzende 
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Wasserscheide an. Die héchsten Moore sind hier in einer Meereshéhe von 
170—210 m gelegen. Die sékulare Landhebung belauft sich nach Wrrrinc 
an der Kiiste Osterbottens in der Gegend von Jakobstad auf 90 cm und in 
der Gegend von Kemi auf etwa 110 cm; diese Werte sind wahrend friiherer 
Jahrtausende sicher noch héher gewesen. Nach der Verhaufigung der Fichte 
in Osterbotten hat sich das Land hier so weit gehoben, dass sich das damalige 
Meeresufer heute bei etwa 57 m ii. d. M. befindet; die Litorinagrenze zeigt 
in Kiistennahe in den Kirchspielen Sievi und Pyhajoki den Wert 104 m, 
weiter landeinwarts, in Haapavesi, etwa 95 m (BACKMAN und CLEVE-EULER). 
Im nordlichen Osterbotten finden wir die Litorinagrenze bei 97 m in Neder- 
tornea (35 km von der Kiiste) und bei 83 m in Turtola (110 km landein- 
warts). 

Nachstehende Zusammenstellung zeigt uns die Verteilung von 94 siid- 
und mittelésterbottnischen Najas flexilis-Lokalen auf fiinf verschiedenen 
Hohenbereichen, ebenso die Anzahl der Funde im prozentischen Verhaltnis 
zu den in den betreffenden Hohenbereichen untersuchten Vorseen (insges. 
etwa 430). 


A. 35— 65mii.d.M. 8 N. flexilis-Funde, 12 % von untersuchten Vorseen 
B. 65—105 m » 42 » » 40) » » 
C. 105—115 m » 29 » » 60 » » » » 
D. 115—145 m » 40 » » 3) yey » » 
EH. 145—170 m » 5 » » i s » » 


Es verdient hervorgehoben zu werden, dass: die A-Funde die jiingsten 
sind und sich aus der Zeit wahrend und nach der Verhaufigung der Fichte 
herleiten; die B-Funde Litorinaablagerungen zufallen; die C- und D-Funde 
in den Bereich zwischen der Litorina- und der Ancylusgrenze fallen; die 
E-Funde im grossen betrachtet aus Gebieten oberhalb der Ancylusgrenze 
stammen. 

Es mag ohne weiteres natiirtich erscheinen, das relative Alter eines 
Najas flexilis-Fundes (in bezug auf Ancylus, Litorina oder die Zeit der 
Verhaufigung der Fichte) einfach nach den Hohenbereichen zu bestimmen, 
aus denen die betreffenden Funde stammen. Wie aber aus dem folgenden 
zu ersehen sein wird, ist dies oberhalb der Litorinagrenze nicht mdglich. 
Ich bin frither geneigt gewesen, die grosse Anzahl der Funde von den C-, D- 
und E-Niveaus oberhalb der Litorinagrenze (insges. 72) in der Haupt- 
sache in die Ancylusperiode zu verlegen, ein Gedanke, fiir welchen ich in 
folgender Ausserung SANDEGRENs (1920, S. 160, in Ubersetzung) beziiglich 
der von mir i. J. 1919 veréffentlichten 12 Fossilfunde eine Stiitze gefunden 
habe: »Samtliche Fundorte mit Ausnahme des Piipsanneva liegen somit 
oberhalb der Litorinagrenze, und Najas flexilis diirfte daher dort wahrend 
der spateren Halfte der borealen Zeit und in der ersten Halfte der atlantischen 
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gelebt haben.» In Betteff der meisten von den 14 Pollenanalysen, die mir 
jetzt aus mittelésterbottnischen Mooren vorliegen, hat es sich indessen 
gezeigt, dass die Najas flexilis-fiihrende Gyttja erst wahrend der Litorina- 
zeit gebildet worden ist; nur aus dem in Karsamaki gelegenen Hangasneva- 
Moor hat sich ein sicherer Ancylus-Fund nachweisen lassen, doch sind wohl 
auch die Funde aus Perho von gleichem Alter. Man diirfte mithin zu der 
Ansicht berechtigt sein, dass Najas flexilis ihre grésste Verbreitung im mitt- 
leren Osterbotten wahrend der ersten Halfte der Litorinazeit erreicht hat, 
obwohl ihre Einwanderung freilich schon wahrend der Ancylusperiode 
erfolgt war. Eine solche Auffassung erhalt vortreffliche Stiitze durch die 
Tatsache, dass samtliche 18 nordésterbottnischen Funde von mir in die 
Litorinaperiode verlegt worden sind. Von diesen 18 Funden sind namlich 
12 bei oder unterhalb der Litorinagrenze gelegen, die iibrigen 6 stammen 
von hdéhergelegenen Niveaus; diese Funde sind indessen pollenanalytisch 
der Litorinaperiode zugewiesen worden (médglicherweise leitet sich jedoch 
das Tervajankaé-Vorkomminis von dem Ende der Ancylus-periode her). Im 
Martimoaapa-Moor (Nr. 102) hat die Art noch zur Zeit der Verhaufigung 
der Fichte gelebt, und nur wenig Alter sind auch die Funde aus Kaakkamo- 
jatvi, Tymakkojarvi und Sorvajarvi. 

Wie ist es nun zu erklaren, dass Najas flexilis wenigstens in Westfinnland 
— von Aland hinauf bis nach Nordésterbotten — ihr bestes Gedeihen 
wahrend der Litorinazeit gefunden hat, wahrend die Zeit ihrer unvergleichlich 
grossten Ausbreitung in Schweden in den Anfang der Ancylusperiode fallt? 
Schon die Verbreitungskarte (Karte 1) zeigt wie mir scheint, dass die 
Art beim Zusammenscbrumpfen des Landeises dem sich zuriickziehenden 
Kisrand in den Spuren gefolgt ist. Es erscheint daher durchaus natiirlich, 
dass man die altesten postglazialen Vorkommnisse der Grenze der letzten 
Vereisung am nachsten findet, sowie dass die Najas flexilis-fiihrenden Ab- 
lagerungen um so jiinger werden, je mehr man sich von der ebengenannten 
Grenze entfernt. Eine Stiitze fiir die Richtigkeit dieses Gedankens habe ich 
bei SAMUELSSON gefunden, welcher 1934 (S. 191) schreibt, dass »unsere 
Wasserflora in Siidschweden mit geradezu erstaunlicher Schnelligkeit un- 
mittelbar nach der Abschmelzung des Landeises und auch beziiglich der 
am meisten warmeliebenden Arten jedenfalls vor Ende der Ancyluszeit 
eingewandert ist». Gams (1935, S. 23) erwahnt, dass »sich unmittelbar nach 
dem letzten Stadium (Daun, Salpausselka III) die Hasel und mehrere 
warmeliebende Sumpf- und Wasserpflanzen (so Cladium, Carex pseudocy- 
perus, Najas flexilis) explosionsartig, viel rascher als im D- und E-Intergla- 
zial und weit iiber ihr heutiges Areal ausbreiten». Es ist demnach natiirlich, 
dass die siidschwedischen Najas flexilis-Funde alten Datums (boreal) sind, 
und es diirfte kaum als Zufall zu betrachten sein, dass die zwei nérdlichsten 
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Funde SANDEGRENs aus Uppland und Gastrikland die jiingsten (subboreal) 
in ganz Schweden sind; diesen am nachsten liegen auch die zwei ndchst- 
jungsten Funde aus atlantischer Zeit in Narke und Sédermanland. Kiinftige 
Untersuchungen werden mit ziemlich grosser Gewissheit erweisen, dass 
Najas flexilis sich aus Gastrikland im siidlichen Schweden im Laufe der 
Litorinaperiode noch weiter nordwarts, vielleicht gar bis Hudikswall aus- 
gebreitet hat. Viel weiter nérdlich ist die Art auf diesem Wege wohl nicht 
gekommen, wie mau aus dem Umstand schliessen mag, dass mir bei meinen 
Untersuchungen der fossilen Flora von 54 Vorseen im Gebiet von Herné- 
sand und Hasj6 im Siiden bis Lulea im Norden im Jahre 1947 kein einziger 
Fossilfund der Art begegnet ist. Der einzige nordschwedische Fund, — er 
stammt aus Overtornea, — schliesst sich an die Verbreitung in Nordéster- 
botten an, wo die Art seinerzeit eine weite Verbreitung aufgewiesen hat 
und von wo aus dann offenbar auch die Einwanderung erfolgt ist. Es ver- 
dient erwahnt zu werden, dass ich die Art in Osterbotten nérdlich der Breite 
von Tornea an 15 Lokalen angetroffen habe; insgesamt 75 Vorseen sind dort 
untersucht worden. Gegen dieses Faktum hebt sich nun scharf der Umstand 
ab, dass aus Nordscbweden nur ein einziger Fossilfund vorgebracht worden 
ist, trotzdem sich die Anzahl der nordlich Lulea untersuchten Vorseen auf 
42. belauft. Die Art ist also ehemals in Nordschweden ausserst selten gewesen, 
und ich glaube nicht, dass sie sich hier siidwarts weiter als héchstens bis 
Lulea auffinden lassen wird. Die zwischen den zwei schwedischen Verbrei- 
tungsgebieten der Art vorhandene Liicke wiirde in solchem Falle bemerkens- 
werterweise mit demjenigen Gebiet zwischen Lulea und Hernésand an der 
Kiiste des Bottnischen Meerbusens zusanimenfallen, wo sich gemiass SAU- 
RAMO ein Rest des Landeises wahrend der Rhabdonemazeit (etwa 7000 v. 
Chr.) befunden hat. Es ist jedoch schwierig, einen Ursachenzusammenhang 
zu finden zwischen dem Vorhandensein jenes Landeisrestes und dem Fehlen 
von fossiler Najas flexilis in eben demselben Gebiet, indem die Art, nach 
den norddsterbottnischen Fossilfunden zu schliessen, kaum wohl friiher 
als um 5000—4000 v. Chr. in die Gegend von Lulea eingewandert sein kann. 
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SOCIETAS PRO FAUNA ET FLORA FENNICA 


VORSCHLAG ZU EINER OKOLOGISCHEN 
GRUNDEINTEILUNG DER HYDROPHYTEN 


VON 


HANS LUTHER 


HELSINGFORSIAE 1949 


Wahrend der Darchfiithrung einer Arbeit iiber die Wasservegetation 
und ihre Okologie in einem Brackwassergehiet fand ich, dass die okologische 
Terminologie in Bezug auf die Wasserpflanzen mangelhaft und teilweise 
weniger folgerecht oder strittig ist. Ich habe deshalb versucht den Grundriss 
zu einem autdkologischen Lebensformsystem der Wasserpflanzen zusammen- 
zustellen. In der Behandlung wird nicht ein vollstandiges Referat der 
einschlagigen Literatur erstrebt. Eine etwas vollstandigere Behandlung 
der Frage, wobei die limnologische und marinbiologische Literatur aus- 
fithrlicher beriicksichtigt wird, hoffe ich spater veréffentlichen zu kénnen. 

Fir Ratschlage in Bezug auf die Ableitung der neugebildeten Namen 
aus dem Griechischen bin ich Herrn Lektor Ernar PonvrAn, fiir die sprach- 
liche Durchsicht des Manuskripts meinem Vater, Prof. Dr ALEx. LUTHER 
vielen Dank schuldig. 


Wenn man es versucht, aus der Unmenge der aufgestellten verschieden- 
arttigen Lebensformsysteme der Pflanzen (im Sinne von Du Rrevtz 1931b, 
S. 43) eine fiir die autdékologische Behandlung der Wasservegetation ge- 
eignete Terminologie auszusuchen, so wird man bald finden, dass dieses 
nicht vollstandig gelingt. Die Grundformen(»main life form»)-Systeme 
(Du Rretz 1931b, S. 44) leisten hierbei wenig Hilfe, sie sind dagegen von 
yan obvious importance for the characterization of vegetation physiognomy» 
(a.a.0., S. 43). Die dkologischen Klassen Warmines (1909, S. 136), von 
CLEMENTS (1920, S. 65; nicht aber 1902, S. 16) als »yhabitat-forms» bezeichnet, 
bieten dagegen einen Ausgangspunkt. Das System WARmINGs erhielt 1923 
(S. 134) seine endgiiltige Form. Andere Systeme weisen aber auch eine 
wenigstens teilweise gleichartige Einteilung auf. Dass die Systeme eben 
in Bezug auf die Wasserpflanzen unbefriedigend sind kann auf zwei Um- 
stande zuritickgefiihrt werden. 

Erstens sind die meisten Aufsteller der Systeme entweder vorwiegend 
mit Landpflanzen beschaftigt gewesen, oder waren sie Limnologen, deren 
biologisches Hauptinteresse oft dem Plankton, also nur einem Teil der 
Organismenwelt des Wassers gewidmet war. Als Beispiel mag erwahnt 
werden, dass in der Limnologischen Terminologie Naumanns (1931) das 
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Wort Plankton iiber 3 Seiten einnimmt, das Wort Benthos dagegen 
5 Zeilen! 

Zweitens bestand bei den Wasserpflanzenuntersuchungen oft kein Anlass 
die grossen dkologischen Einheiten mit eigenen Namen zu bezeichnen, 
weil nur Teile der Vegetation Gegenstand der Untersuchung waren. Teils 
miissen fiir verschiedene Teile der Wasservegetation verschiedene Unter- 
suchungsmethoden verwandt werden, wodurch die Ubersicht des Ganzen 
leicht verloren geht. Teils spielen in verschiedenen Verhaltnissen ver- 
schiedene Gruppen der Wassergewachse die Hauptrolle, wahrend dann 
andere Gruppen oft fast bedeutungslos sind. So hebt z.B. SCHIMPER (1898, 
S. 819) hervor, dass die Benthosvegetation des Meeres ganz vorwiegend aus 
Lithophyten besteht, diejenige der siissen Gewasser mehr aus Schlamm- 
bewohnern. Im brackischen Wasser iiberschneiden sich die Grenzen dieser 
Bereiche. Wenn auch beide Elemente an Artenzahl eingebiisst haben, so 
sind sie beide doch noch von recht grosser physiognomischer Bedeutung. 
Dazu ist aber hier auch das lose wachsende Pleuston vielerorts von Be- 
deutung. 

Der Einzelorganismus ist Forschungsgegenstand der Autdkologie, die 
autdékologische Terminologie muss sich deshalb, um wirklich brauchbar zu 
sein, auf den Hinzelorganismus beziehen. Diese Forderung wird durch 
den Typus der auf -phyt endigenden Namen erfiillt. Womédglich sollen die 
Namen auch den nicht initiierten Fingerzeige auf ihre Bedeutung geben. 
Sammelbezeichnungen fiir alle zu einer autdékologischen Gruppe gehérende 
Organismen sind recht selten nétig und kénnen dann eigens aus den auf 
die Einzelorganismen bezogenen Namen gebildet werden. Schwerfallige 
Sammelnamen, wie z. B. das Heterephaptomenon von Gams (1918, S. 347), 
sollten am liebsten vermieden werden. 

In der autékologischen Terminologie diirfen natiirlich nicht Namen von 
Pflanzengesellschaften in unveranderter Form aufgenommen werden. In 
Bezug auf die Wasserpflanzen ist dieses aber geschehen. Gams (1918) be- 
zeichnet als Plankton und Pleuston sowohl »Lebensformen des gesamten 
Pflanzen- und Tierreichs» (S. 341, 355) wie »Hauptisocoenosen» (S. 472); 
in Bezug auf die Wasserpflanzen befolgt er 1925 (S. 713) dieselbe Ein- 
teilung. Bei Warminc (1923, S. 134) kommen Plankton, Pleuston und 
Benthos (es hatte hier jedenfalls Phytoplankton u.s. w. sein miissen) als 
Namen der zu den Hydatophyten hérenden Lebensformklassen vor. Der 
Name Megaplankton wurde von WARMING u.a. 1917 (S. 30) auf eine Ve- 
getationsformation bezogen, 1923 aber auf eine Lebensformklasse. BRAUN- 
BLANQUET (1928, S. 249) nimmt Phyto-Plankton als Lebensformklasse 
auf. NAUMANN (1931, S. 308) erwahnt unter Hinweis auf Gams und WARMING 
u. a. Plankton, Benthos und Pleuston als Lebensformen, die beiden ersteren 
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daneben auch richtig als Organismenformationen (S. 55, 43 9). Unter Pleuston 
(= Makropleuston!) als Lebensform weist er (S. 308) auf Warminc & 
GRAEBNER (1918) hin, die aber das Wort nur als Namen einer Pflanzen- 
formation erwahnen. RUsxEr (1930, S. 29) hat in seiner Wiedergabe der 
Hinteilung BRAUN-BLANQUETS bemerkt, dass die der Gesellschaft Phyto- 
Plankton entsprechende Lebensform Planktophyten heissen muss (s. auch 
ScHROTER 1896, S. 10), IvERsEN (1936, S. 55) zitiert Warmines (1923) 
Mega-Plankton als »Makroplanktonten»?, er hat also den Fehler bemerkt, 
nicht aber den Gedankengang weiter verfolgt. Ein Phytoplankter ist ein 
Individuum des Planktons, welches deshalb nicht ein Planktophyt zu sein 
braucht, ebenso wie eine in einer Diinenvegetation befindliche Pflanze 
nicht ohne weiteres ein Psammophyt ist. 

Der Hydrophytenbegriff wurde von ScHouw (1822, S. 132) eingefiihrt. 
Unter Hydrophyten werden in der vorliegenden Arbeit fiir Wasserleben an- 
gepasste Pflanzen bezeichnet, die gdnzlich untergetaucht leben oder nur mit 
Schwimmblittern oder|und Bliitenstanden diber das Wasser ragen. 

Nach WarmincG (1908, S. 56) kénnen die Wasserpflanzen dkologisch am 
besten auf Grund der edaphischen Verhaltnisse eingeteilt werden. Er stellt 
3 Gruppen auf: 

a. Die frei schwebenden und schwimmenden 

b. Die an Steinboden haftenden 

c. Die auf losem Boden wachsenden. 

Spater hat Warminc (1923, S. 134) die Gruppen b und c als eine Haupt- 
gruppe (»Benthos») vereinigt. Die 3-Teilung wird aber von Gams (1918, 
S. 334) und BRAUN-BLANQUET (1928, s. 250) aufrechterhalten. Gams teilt 
die gesamte Organismenwelt nach den Lebensorten in 3 Gruppen ein: 

I. Der haftende = adnate Typus = das Ephaptomenon 

II. Der wurzelnde = radicante typus = das Rhizumenon 

III. Der freie = errante Typus = das Planomenon. 
BRAUN-BLANQUET erwahnt das Phyto-Plankton als eine mit den Hydro- 
phyten ebenbiirtige Lebensformklasse. Die Hydrophyten teilt er in a: 
Wasserschwimmer, Hydrophyta natantia, b: Wasserhafter, Hydrophyta 
adnata, und c: Wasserwurzler, Hydrophyta radicantia ein. Die Dreiteilung 
von Gams soll hier als Grundeinteilung dienen. 

Warminc teilte 1895 (S. 118) die Benthosvegetation nach der Boden- 


1 Der Hinweis NAUMANNs wird bei dem synonymen Wort Makropleuston 
gemacht. WARMING & GRAEBNER erwahnen aber nicht diesen Namen, wohl 
aber Mega- und Makroplankton. NAUMANNs Hinweis gehért also zu diesen von 
ihm auch erwahnten Namen. Das Wort Makropleuston wurde von Gams (1918, 
S. 341) gebildet. 

2 statt Megaphytoplankter (vgl. BURCKHARDT 1920, S. 192). 
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beschaffenheit (»Felsenboden, loser Boden») folgendermassen ein!: »Die 
lithophile (steinliebende) und die psammophile (sandliebende) oder die 
pelophile (schlammliebende)». Fiir eine sich unmittelbar an der Fels- oder 
Steinoberflache befestigende Pflanze hat ScCHrmPER? (1898) den Namen 
Lithophyt, sowohl fiir Land- (S. 193) wie fiir Wasserpflanzen (S. 823) ein- 
gefiihrt. Driers (1912, S. 507) hat die Land-Lithophyten in Epilithen = 
Epilithophyten und Endolithen = Endolithophyten eingeteilt, auch fiir 
die Wasser-Lithophyten wurde diese Einteilung in Brauch genommen 
(z. B. Warmine 1923, S. 135). 

Die steinliebenden Hydrophyten wurden von WarmING (1895, S. 119) 
auch Nereiden genannt. Diese Bezeichnung passt gut in ein physiognomi- 
sches Grundformensystem, nicht aber im hier vorliegenden Falle. Gams 
(1918, S. 341) rechnet zu den Nereiden alle Organismen vom haftenden 
Typus, also auch die sessilen Tiere. Eine solche Abgrenzung des Nereiden- 
begriffes muss aber unbedingt verworfen werden, da in der Zoologie 
dauernd eine Verwechslung mit der Annelidengruppe Nereidae stattfinden 
wiirde. 

Den lithophilen Wasserpflanzen Warmincs (1895) gegeniiber steht die 
andere, von ihm nicht benannte Gruppe, die die beiden, oft schwer aus- 
einanderzuhaltenden Begriffe psammophil und pelophil umfasst. Obwohl 
diese Gruppe meistens erkannt wurde, ist sie sehr oft nur durch Ausdriicke 
wie (SCHIMPER & v. FABER 1935) »Schlammbewohner», »im Boden gewurzelt», 
yauf weichem Untergrund», »auf losem Boden» bezeichnet. 

In seinem Entwurf einer systematischen Ordnung der dkologischen 
Grundformen® hat WarRMING (1923, S. 134) die Klassen Hapto-Benthos und 
Rhizo-Benthos aufgestellt. Diese Namen miissen gegen andere umgetauscht 
werden. Es empfiehlt sich, in Konformitat mit der iibrigen Nomenklatur 
WARMINGs auf -phyt endigende Namen zu wahlen. Dazu sollen die Namen 
am liebsten bei der Einteilung der Landpflanzen nach den selben Prinzipien 
verwendbar sein, wobei ein Zusatz von Hydro- und Aero- nétigenfalls anzei- 
gen kann, ob es sich um Wasser- oder Landpflanzen handelt. Der pflanz- 


1 Orig. danisch. 

* DAUBENMIRE (1947, S. 6) erwahnt WARMING als Einfiihrer der Begriffe 
Oxylophyt, Halophyt, Psammophyt, Lithophyt und Chasmophyt. In der von 
DAUBENMIRE erwdhnten Arbeit WARMINGs (1895) ist von diesen Begriffen nur 
Halophyt erwahnt, dazu aber noch lithophil und psammophil. SCHIMPER (1896) 
hat die Namen Lithophyt und Chasmophyt neu geschaffen, nennt aber auch 
den Begriff Psammophyt. Der Name Oxylophyt tritt 1909 (S. 136) bei WARMING 
auf, wird aber in der Form Oxylyphyt schon 1902 von CLEMENT'S (S. 12) erwahnt. 


In Bezug auf die drei ersten Begriffe habe ich nicht versucht die »Prioritat» 
festzustellen. 


3 auf danisch. 
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liche Anteil des haftenden, adnaten Types von Gams kann Haptophyten 
genannt werden. Ein Haptophyt ist also eine Pflanze, die sich dem Substrat 
angepresst hat, oder ginzlich in dasselbe eingesenkt ist. Die Hydrohaptophyten 
umfassen WARMINGs Klassen Hapto-Benthos und Endo-Benthos, die Aero- 
haptophyten einen Teil der Atmophyten Warmrncs und einen Teil seiner 
Allotrophen. Nur die Hydroephaptophyten (= Warmincs (1923) Hapto- 
Benthos und BRAuN-BLANQUETS Wasserhafter) sind hier von Interesse. 
Diese Gruppe umfasst nicht nur die Epilithen sondern auch die sich an 
Holz, Muschelschalen und anderen festen Gegenstanden befestigenden 
Pflanzen sowie die Epiphyten. 

Die sich mit Wurzeln, Grundachsen, Rhizoiden oder anderen von den 
Wassersprossen (bezw. Luftsprossen) abweichenden Organen in + feinkornigem 
Boden befestigenden Pflanzen sollen hier Rhizophyten genannt werden. Die 
Aerorhizophyten entsprechen den Chthonophyten Warmrnes (1923, S. 135, 
144), deren Wasserversorgung nach ihm durch Aufnahme von terrestrischem 
Wasser des Bodens durch die Wurzeln geschieht. Da die Frage der Wasser- 
(und Nahrsalz-) Versorgung der Hydrorhizophyten noch nicht geklart ist (vgl. 
z. B. LOHAMMAR 1938, S. 197 u. ff.) finde ich es richtiger nicht von Hydro- 
chthonophyten zu sprechen. Die Hydrorhizophyten entsprechen den Hydro- 
kryptophyten von Gams (1918, S. 352; nach RAUNKIAERs Einteilungssystem 
erhalten), der Klasse Rhizo-Benthos Warmincs und den Wasserwurzlern 
von BRAUN-BLANQUET. In Wasservegetationsuntersuchungen diirfte der 
Rhizophytenbegriff eine recht grosse Verwendung finden kénnen. Hier 
sind ja in der Benthosvegetation Lithophyten- und Rhizophytenstandorte 
vielerorts mosaikartig vermischt, wodurch sich die Bereiche der beiden 
Vegetationstypen in einander hineinschieben. 

Warmine (1895, S. 126) teilt die Wasserpflanzen des losen Bodens in 
Enaliden und Limnaden. Wie der Nereidenbegriff passen auch diese Begriffe 
nicht hier, zumal da der Einteilungsgrund, in Salzwasser- und Siisswasser- 
pflanzen, in einem Brackwassergebiet in ein anderes Einteilungssystem 
gehort. 

Gams (1925, S. 715) hat unter Hinweis auf Macnin (1904) die Limnaen 
und Enaliden unter dem Namen Limnophyten zusammengefasst. Die 
Limnophyten waren demgemdss mit den Rhizophyten identisch. In diesem 
Sinne gebraucht ist das Wort Limnophyt aber zu diffus. Der nicht initiierte 
Leser wiirde schwer verstehen, dass hier z. B. die Pleustophyten des Siiss- 
wassers ausgeschlossen sind, die Salzwasserrhizophyten (Enaliden) dagegen 
einbegriffen, er wiirde eher das Wort als Bezeichnung einer Siisswasser- 
pflanze iiberhaupt auffassen. In diesem Sinne hat auch Macnin (1904) 
den Begriff erwahnt, an verschiedenen Stellen in wechselnder Bedeutung: 
auf S. 2 werden Helophyten und Pleustophyten einbegriffen, auf S. 132 
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sind sie ausgeschlossen, die Nereiden dagegen einbegriffen?. Der zu ver- 
werfende Limnophytenbegriff von Gams ist also nicht mit den Limnophyten 
Macnins identisch. 

Fiir den Rhizophytenbegriff kénnte man sich auch (als Gegensatz zu 
den Lithophyten) den Namen Pedophyt denken (vgl. Pedologie, Boden- 
kunde). Da aber derselbe Wortstamm schon friither in anderen Bedeu- 
tungen gebraucht wurde, ist dieses nicht zu empfehlen. Gora (1910, S. 70) 
hat durch Kombination von Pedo- mit Hydrophyt, Helophyt, Mesophyt 
und Xerophyt eine Kinteilung der Pflanzen nach dem osmotischen Druck 
der Bodenlésungen durchgefiihrt. Der Zusatz Pedo- bedeutet also bei 
Goxa nicht dass ein Teil der Hydrophyten gemeint wird, sondern dass 
die ganze Hydrophytengruppe nur in Hinsicht des osmotischen Druckes 
des Bodens — hier auch des umgebenden Wassers — gepriift wird. LAUTER- 
BORN (1915, S. 397) hat die Begriffe Pedon und pedonisch fiir Organismen 
eingefiihrt, die an ein mehr oder weniger festes Substrat (an den Boden, 
an die Pflanzen) gebunden sind. Er will Pedon an der Stelle des nach ihm 
weniger sinngemadssen Ausdruckes Benthos (»der ja nichts weiteres als 
»Tiefe» bedeutet») setzen. Ein Pedophytenbegriff im Sinne LAUTERBORNs 
wiirde also sowohl die Haptophyten wie die Rhizophyten umfassen. 

Die Pflanzen des dritten, erranten Types von GAms nennt WARMING 
(1923, S. 134) Planophyten, ein Name der dem Planomenon von Gams 
gut entspricht. Die weitere Einteilung der Planophyten erfolgt am besten 
noch nach dem selben leitenden Gesichtspunkt wie die Haupteinteilung 
der Hydrophyten: das Verhalten zum Boden. So empfiehlt es sich die 
vom Ufer vollig unabhangigen Schwebepflanzen von denen, die — zu- 
fallige Ausnahmen natiirlich ausgeschlossen — an die Ufernahe und meistens 
auch an das Vorkommen anderer Wasservegetation gebunden sind, abzu- 
trennen. Die vom Ufer véllig unabhangigen Schwebepflanzen sind Plankto- 
phyten (SCHROTER 1896, S. 10). Die vom Ufer + abhingigen Schwebe- und 
Schwimmpflanzen sollen hier Pleustophyten genannt werden. 

Die Begriffe Plankton und Pleuston wurden nicht immer richtig aus- 
einandergehalten. HErNsENs (1887, S. 1) urspriinglicher Planktonbegriff 
umfasste »alles was im Wasser t reibt, einerlei ob hoch oder tief, ob tot 
oder lebendig». Spater wurde das Tote vom Planktonbegriff abgeschieden, 
so dass das Plankton jetzt die Organismenformation des freien Wassers 
darstellt (z. B. NAuMANN 1931, S. 439). Der Begriff Pleuston wurde von 
SCHRGOTER? (SCHROTER 1896, S. 10; ScHROTER & KrRcHNER 1896, S. 14) 
eingefiihrt und umfasste urspriinglich »alle auf der Oberflache des Wassers 

* Gams (1925, S. 714) nennt »Limnophyten (Magnin)) auch als synonym 
mit dem Nereidenbegriff. 

* nicht von KIRCHNER, wie WARMING angibt. 
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frei schwimmenden, mit Anpassungen an das Luftleben versehenen Pflanzen». 
Im zweiten Teil der selben Arbeit von ScHrOTER & KIRCHNER (1902, 
S. 62, 76) hat ScHROTER aber unter dem Pleuston auch die submersen, frei- 
lebenden Pflanzen einbezogen: »alles... was nicht Bodenflora und nicht 
Plankton ist, also auch die submers freilebenden Algen und Phanerogamen 
der Littoralzone». SCHROTER erwdhnt noch, dass sein Pleuston in dieser 
Fassung vollstandig den »Hydrochariteny WaRMincs (1896, S. 137) ent- 
spricht. Auch Warminc hebt hervor, dass diese Vereinsklasse an das 
Litoral gebunden ist. Er fiihrt! auch lose wachsende Moose (»Amblystegium 
giganteum u.a.») hierher, spater (1909, S. 164) dazu noch »floating Sphag- 
num». Die obige Trennung in Planktophyten und Pleustophyten ist also 
nach dem selben Gesichtspunkt geschehen, nach dem Scur6rTER 1902 
seinen erweiterten Pleustonbegriff vom Plankton trennte (s. auch MAGNIN 
1904, S. 133; Gams 1925, S. 719). 

SCHROTER nannte 1896 (S. 15) die Gruppe der untergetauchten, im 
Wasser schwebenden Bliitenpflanzen Makroplankton. Er erwahnte aber 
gleichzeitig, dass sie stets in der Uferzone vorkommen, weshalb er sie 1902 
vom Plankton abschied und zum Pleuston fiihrte. Bei Warmine (1909, 
S. 164) wird als Name der »Hydrocharid-formation or Pleuston» der Begriff 
»Megaplankton» herangezogen, bei WARMING & GRAEBNER (1918, S. 471; 
1933, S. 548) wird die Gruppe »Formation des Megaplankton oder Makro- 
plankton» genannt. Die Umgrenzung der Hydrochariten-Gruppe ist hier 
unveradndert. Wie aus der Schilderung hervorgeht, kommt die Formation 
yan Ufern... an Stellen mit Schutz gegen Wellenschlag, z. B. zwischen 
Sumpfpflanzen» vor. Alle als Beispiele genannte Pflanzen sind streng an 
die Litoralzone gebunden (vgl. BAUMANN 1911, S. 483). Geraten Schwebe- 
pflanzen dieser Formation in offenes Wasser hinaus, so sinken sie zu Boden. 
Sie sind also keineswegs Planktophyten. WESENBERG-LUND (1917, S. 65) 
lehnt auch Megaplankton als Name der Hydrochariten ab, da die hierher 
gehorigen Arten als Regel nicht in der pelagischen Region vorkommen, 
sie sind nach ihm iiberwiegend oder ausschliesslich Litoralformen, die ent- 
weder an der Oberflache schwimmen oder mit den vermodernden Teilen 
auf dem Boden ruhen. Naumann (1931, S. 308) nennt Mega- und Makro- 
plankton als Synonyme von Pleuston, er halt die beiden Namen fiir »ganz 
unzweckmassige Bezeichnungen, die nur Missverstandnisse verursachen 
k6nnen und die deshalb zu verwerfen sind». In Bezug auf das Siisswasser 
muss ich ihm beistimmen. Auch IvERSEN (1936, S. 55) erwahnt, dass im 
Siisswasser keine »Makroplanktonten» existieren. 

1 Die von WARMING (1896, S. 137) mit Zogern hierher gefiihrten Pflanzen 


mit sich frei in der Luft erhebenden Vegetationsorganen (Pontederia-Typus) sind 
aber nicht mehr echte Hydrophyten, sondern Helophyten (siehe S. 12). 
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Warminc & GRAEBNER (1918, S. 373) nehmen aber auch eine »Forma- 
tion des Halo-Megaplankton (die Sargasswmassoziation)» auf. Diese Forma- 
tion.ist wirklich pelagisch und muss demgemass dem Plankton zugerechnet 
werden. Man kénnte den Einwand machen, dass die Sargassum-Arten ja 
Lithophyten, also von der Uferzone abhangig sind. Die losen, treibenden 
Algen wachsen aber noch weiter und zeigen u.a. eine andersartige Ver- 
zweigung als die festhaftenden (z.B. Scui~rLER 1909, S. 65; WARMING 
& GRAEBNER 1918, S. 373), weshalb es berechtigt ist, sie einer anderen 
Lebensform zuzuweisen. Wie Gams (1918, S. 334) hervorhebt kann eine 
Art natiirlich wahrend verschiedener Entwicklungsstadien zu verschiedenen 
Lebensformklassen gehoéren. 

In seinem Lebensformsystem nimmt Warminc (1923, S. 134) neben 
der Klasse Mikro-Plankton als gesonderte Klassen Mega-Plankton und 
Pleuston auf. Diesmal rechnet er, der alteren Definition SCHROTERs folgend, 
nur die an der Oberflache schwimmenden Pflanzen zur Klasse Pleuston. Die 
iibrigen Hydrochariten und das Halo-Megaplankton fiihrt er zur Klasse 
Mega-Plankton, die hierdurch allzu heterogen wird. RUsBEL (1930, S. 305) 
teilt wiederum das Phyto-Pleuston in »Limno-Pleuston» und »Halopleuston, 
Sargassetum natantis». Die letztere Gesellschaft ist mit dem (Halo-)Mega- 
plankton identisch (vgl. auch Gams 1925,S. 714). Auch u. a. Du Rrevz (1930, 
S. 393) rechnet, neben den zufallig losgerissenen Grossalgen (z. B. Fucus), 
die dauernd freischwimmenden Grossalgensynusien (Sargasswm) zu einer 
marinen Pleustonschicht. SCHIMPER & v. FABER (1935) erwahnen weder 
Pleuston noch Megaplankton. Sie rechnen aber (S. 1510), wie SCHIMPER 
(1898, S. 818, 852), den Hydrocharis-Typus zum Hemiplankton (bei ihnen, S. 
1432, = die schwebenden und schwimmenden Gewachse der Flachge- 
wasser!). Das von LippMaAa (1936, S. 182) erwahnte, lose Enteromorpha 
intestinalis und Monostroma balticum umfassende Halomegaplankton ist 
keinesfalls pelagisch, es gehért zum Pleuston. 

Die Lebensformklasse Pleuston bei Gams (1918, S. 356) umfasst ausser 
den Pleustophyten auch die pelagischen Halo-Megaplankton-Pflanzen 
WARMINGs & GRAEBNERs, dazu aber auch ein »Zoo- oder Phago-Pleuston». 
Auch z. B, UTERMOHL (bei THIENEMANN 1925, S. 161) und REMANE (1940, 
S. 42) sprechen von tierischem Pleuston. Wie die beiden letzteren hervor- 
heben, ist dieses »Zoo-Pleuston» rein marin und pelagisch (u. a. die Siphono- 
phoren Physalia und Velella, die Schnecke Janthina), es darf also nicht 
zum Pleuston gefiihrt werden. 

Die Planktophyten kénnen also in Mikroplanktophyten und Mega- 


7 Das Wort Hemiplankton hat bei ScHIMPER also eine andere Bedeutung 
als bei NAUMANN (1931, S. 225): »periodische, temporare Planktonorganismen». 
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planktophyten eingeteilt werden, wobei die letztere Gruppe von der Uferzone 
im vorliegenden Entwicklungsstadium unabhingig lebende Gewebepflanzen 
umfasst. Der Name Makroplankton soll hier lieber vermieden werden, da 
Zoologen ihn u.a. fiir Krebstiere des Planktons benutzt haben. In der 
okologischen Terminologie muss natiirlich immer danach gestrebt werden, 
dass die Nomenklatur der Botaniker und Zoologen einheitlich ist. Nur 
wenn dieses der Fall ist kénnen wir eine brauchbare biozdnologische Ter- 
minologie erzielen. 

Die Abgrenzung der Pleustophyten gegen die Planktophyten ist somit 
recht klar, ebenso gegen die Haptophyten. In Bezug auf die Rhizophyten- 
Pleustophyten-Grenze zeigt die Definition der Rhizophyten das Trennungs- 
merkmal an. Die sich mit Wurzeln, Grundachsen, Rhizoiden oder anderen 
von den Wassersprossen abweichenden Organen befestigenden Pflanzen sind 
Rhizophyten. Die an der Oberflache schwimmenden, im Wasser schwebenden, 
am Boden lose liegenden oder im Schlamm ohne besonders ausgebildete Befestig- 
ungsorgane lose verankerten Pflanzen sollen hier Pleustophyten genannt wer- 
den. So ist von den Utricularia-Arten U. vulgaris ein Pleustophyt und 
U. intermedia fast ganzlich ein Rhizophyt, U. minor nimmt eine Zwischen- 
stellung ein (6fter Pleustophyt). SCHRGTER (SCHROTER & KIRCHNER 1902, 
S. 62, 76) rechnet Ceratophyllum demersum zum Pleuston, die Art kann ja 
oft mit den untersten Blattquirlen im Schlamm verankert sein. Auch die 
losen, Migrationsformationen am Boden ausbildenden Kiimmerformen von 
Fucus vesiculosus u. a. Algen sind Pleustophyten. Warminc & GRAEBNER 
(1918, S. 373) fithren die auf dem Boden der siidlichen Ostsee freiliegenden 
Kiimmerformen von Ascophyllum nodosum zum Halo-Megaplankton. 
Wahrend aber die Sargassum-Arten »echt pelagische Oberflachenalgen» 
sind, verliert Ascophyllum seine Blasen, sinkt zu Boden und ist folglich 
dann ein Pleustophyt. 

Die Pleustophyten sollen hier in 3 Gruppen eingeteilt werden: 

1. Benthopleustophyten'. Pflanzen die am Boden liegen, ohne sich mit 
besonderen Befestigungsorganen zu befestigen. Sie kénnen von Wellenschlag 
und Wasserstrémen leicht verfrachtet werden: Migrationsformationen aus- 
bildende Algen (die epipythmenische Algenformation NauMANNs (1925, S. 3) 
gehért hierher), lose lebende Wassermoose, oft auch Phanerogamen der 
folgenden Gruppe, besonders Ceratophyllum. 

2. Mesopleustophyten. Im Wasser zwischen Boden und Oberflache »schwe- 
bendey» Pflanzen, die sich meistens lose an bodenfesten Pflanzen anhaken: 


1 Vom Worte Benthos wird hier in Zusammensetzungen die Form bentho- 
gebraucht: vom Stamme benthos (nicht von benthes, dem zweiten Stamme 
des Wortes, der von BURCKHARDT (1920, S. 192) irrtiimlich als benthe erwahnt 
wird). 
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Zygnemaceen u. a. lose Algenwatten, Utricularia vulgaris, (U. minor), Lemna 
trisulca, Ceratophyllum. 

3. Akropleustophyten'. Die Assimilationsorgane schwimmen wahrend 
der Vegetationspertode an der Wasseroberflache, ihre Oberseite ist fiir Luft- 
leben angepasst?: Lemna minor-Typus, Hydrocharis, Salvinia. 

Fiir die Akropleustophyten ware auch der Name Aeropleustophyten 
denkbar, da sie ja fiir ein teilweises Luftleben angepasst sind. Dieser Name 
steht aber in Widerspruch zu dem Bestreben die Vorsilbe Aero- fiir Land- 
pflanzen zu reservieren. Als Aeropleustophyten kénnten demnach eher 
z. B. die »Schneelaufery der Hochgebirge (z. B. Braun 1913, S. 67; Du RIETZ 
1931 a, S. 31) bezeichnet werden. — In ahnlicher Weise wird ja von einem 
Aeroplankton gesprochen (z. B. PETTERSSON 1940, S. 10; GrisLEN 1948). — 
Das griechische Stammwort von Pleuston, ziéw, ist freilich recht streng 
an das Wasser gebunden (vgl. SCHROTER & KIRCHNER 1896, S. 14). 

Du Rretz (1930, S. 391) teilt das Pleuston in Neustopleuston (an der 
Wasseroberflache schwimmend, s. auch THUNMARK 1931, S. 34) und Plankto- 
pleuston (submers). Da das submerse Pleuston, wie aus dem obigen zur 
geniige hervorgehen diirfte, von + zufalligen Ausnahmen abgesehen nicht 
planktisch ist, sondern deutlich an das Vorhandensein einer Rhizophyten- 
vegetation (Mesopleuston) oder an die Bodennahe (Bentopleuston) gebun- 
den, ist die Bezeichnung Planktopleuston nicht dienlich. Auch Du RIETz 
gibt zu, dass sein Planktopleuston sich meistens kaum von der Elodeiden- 
schicht abtrennen lasst. Die wirklich lose schwebenden Algenwatten kénnen 
aber Planktopleuston genannt werden, meistens verankern sie sich aber 
frither oder spater. Das Neuston wieder umfasst nach seinem Aufsteller 
NAUMANN (1917, S. 99) im Gegensatz zum Pleuston »nur diejenigen Mikro- 
organismen, die eine ganz besondere Anpassung fiir ein mehr oder minder 
andauerndes Leben in dem Oberflachenhaéutchen selbst durchgemacht 
haben: sie sind somit echte Wasserorganismen». Da aber bei der Definition 
des Neustopleustons gerade die teilweise Anpassung fiir ein Leben auf der 
Wasseroberflache — also ausserhalb des Wassers — herangezogen wird, ist 
der Neustonbegriff hier in anderer Weise begrenzt als bei NAUMANN 1917 
(vgl. auch NAUMANN 1923, S. 224 u. 1924, S. 7). Ich ziehe es deshalb vor, 
in der obigen Dreiteilung nicht die etwas verwirrenden Bezeichnungen 
Planktopleuston und Neustopleuston aufzunehmen. 


* von dxgos, das dusserste, oberste, héchste (z. B. Ilias XVI, 162 6dwo dxeor, 
das Oberflachenwasser einer Quelle). 

* Hier schliessen sich als folgende Gruppe die Pflanzen vom Pontederia- 
Typus an, die ihre Assimilationsorgane in die Luft erheben (vgl. S. 9). Sie 


sind aber schon Helophyten, nicht Hydrophyten und kénnen Pleustohelophyten 
genannt werden. 
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Das Pleuston kann natiirlich in der obigen Einteilung entsprechender 
Weise in Benthopleuston, Mesopleuston und Akropleuston eingeteilt werden. 


Schliesslich sei noch eine kurze Ubersicht der hier befolgten Kinteilung 
gegeben (die hier neugebildeten Namen sind kursiv gedruckt): 


Haptophyten 
Ephaptophyten (»Hapto-Benthos», »Hydrophyta adnata, Wasser- 
hafter») 
Epilithen (Nereiden) 
Epiphyten 
1. Sow. 
Endohaptophyten (»Endo-Benthos») 
Endolithen 
U.S. W. 
Rhizophyien (»Rhizo-Benthos», »Hydrophyta radicantia, Wasserwurzler) 
Psammophyten 
Pelophyten 
U. S. W. 
Planophyten 
Planktophyten 
Mikroplanktophyten 
Megaplanktophyten (»Halo-Megaplankton») 
Pleustophyten (»Pleuston», »Hydrochariten») 
Benthopleustophyten 
Mesopleustophyten 
Akropleustophyten 
Helophyten 
Pleustohelophyten 
u. S. W. 
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